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ABSTRACT 
 The aim of this research study is to develop a passive architectural design morphology, tuned to 
the Sonoran Desert, which redefines Desert Modernism and integrates:  (a) mitigation of heat 
transfer through the exterior envelope, and (b) use of daylight to inform appropriate architectural 
massing. The research investigation was delimited to mid-nineteenth century European 
modernist examples, and ends with mid-twentieth century modern architecture in the 
southwestern United States as viewed through the lens of environmental design. The specific 
focus was on Desert Modernism, a quasi-architectural movement, which purportedly had its 
beginnings in 1923 with the Coachella Valley, Popinoe Desert Cabin. 
 A mixed-method research strategy comprised of interpretive-historical research, virtual 
simulation/modeling analysis and logical argumentation is used.  Succinct discussions on desert 
vernacular design, Modernism’s global propagation, and the International Style reinterpretations 
were illustrated to introduce the possibility of a relationship between Modernism and the 
vernacular. A directed examination of climatic responses included within examples of California 
Modernism, the Case Study Houses and Desert Modernism follows. Three case studies: a) the 
Frey House II, b) the Triad Apartments, and c) the Analemma House were assessed using virtual 
simulation and mathematical calculations, to provide conclusive results on the relevance of 
regionally tuned exterior envelope design and planning tactics for the Phoenix, Arizona area. 
Together, these findings suggest a correlation between environmental design principles, 
vernacular architecture, and Modernism. 
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LIST OF DEFINITIONS 
 
British thermal unit (btu) - is defined as the amount of heat required to raise the temperature of 
one pound of water by one degree Fahrenheit. 
Conduction - is the transfer of heat through a solid, liquid or gas by direct contact. 
Direct gain - means the collection and containment of radiant solar energy within an occupied 
space. 
Infiltration - is the unintentional or accidental introduction of outside air into a building, typically 
through cracks in the building envelope and through use of doors for passage. Infiltration is 
sometimes called air leakage. 
Latent heat - is the energy absorbed by or released from a substance during a phase change 
from a gas to a liquid or a solid or vice versa. 
Radiation - is the transfer of energy through air and space by light waves (visible, ultraviolet and 
infrared waves). 
 
R-value - the capacity of an insulating material to resist heat flow. The higher the R-value, the 
greater the insulating power. 
 
Sensible heat - is the energy required to change the temperature of a substance with no phase 
change. 
Sol-air temperature - is defined as the outside air temperature which, in the absence of solar 
radiation, would give the same temperature distribution and rate of heat transfer through a wall 
(or roof) as exists due to the combined effects of the actual outdoor temperature distribution plus 
the incident solar radiation. 
Solar Heat Gain Coefficient (SHGC) - is the fraction of incident solar radiation admitted through 
a window, both directly transmitted and absorbed and subsequently released inward. SHGC is 
expressed as a number between 0 and 1. The lower a window's solar heat gain coefficient, the 
less solar heat it transmits.  
U-value - a measure of the heat transmission through a building part (such as a wall or window) 
or a given thickness of a material (such as insulation) with lower numbers indicating better 
insulating properties
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1.  Introduction 
 Modernism as a movement in architecture, particularly environmentally responsive 
examples, arose from many influencing factors and opinions differ as to when such an approach 
truly began. As the movement spread across the globe, architects adopted and molded its 
precepts according to national or regional preferences. Of particular relevance to this research 
study is that architectural critics, many of whom were aligned with a regionally specific approach 
or proponents of post-modernism, often decried modernist architecture in general because of its 
apparent general lack of reference to locality. Based on these criticisms, I first illustrated 
examples of work by architects that reduced Modernism into a technologically deterministic 
approach. I conjectured that innovations, such as modern air conditioning and artificial lighting, 
often facilitated the development and placement of seemingly arbitrary artifacts upon an 
imaginary Cartesian grid ignoring any response to climatic implications. However, I also 
presented early examples of regional Modernism, in warm climates, constructed before the 
ubiquitous integration of air conditioning. Therefore, to narrow the discussion to Phoenix, Arizona, 
the area under consideration, I posited that inflecting Modernism with lessons from the desert 
vernacular represented a strong opportunity to establish regionally specific modernist 
architecture. 
 1.1 Statement of the Problem   
 The central issue then was how to redress the deleterious effects of a placeless design 
approach, which resulted in: a) excessive energy consumption, b) unsustainable use of non-
renewable resources and c) lack of locational reference.  I presented an operational statement of 
the research problem later in the body of this study. Therefore, to formulate a response to the 
problem under investigation and to frame a discussion between the vernacular and Modernism, I 
presented my argument through a set of presuppositions and counter presuppositions that 
responded to a set of inquiries and my research hypothesis. 
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 1.2  Research Questions and Hypothesis 
 I first focused the research questions on the technological deterministic criticism and 
subsequently organized the rest around the evolution of a branch of Modernism that incorporates 
location-specific responses.  My hypothesis narrows the exploration into a modification of Desert 
Modernism in response to the hot and arid climatic characteristics of Phoenix, Arizona.  
1. What were the applicable maxims of European Modernism and how can they be 
integrated within an environmentally responsive modernist design approach? 
2. Who introduced European Modernism, specifically its derivate the International Style, 
into American architecture and what influence did it have on Desert Modernism in the 
American Southwest? 
3. Are vernacular architecture, architectural theories in regionalism and critical 
regionalism appropriate modifiers for a redefinition of Desert Modernism?  
4. Why does sustainable design, specifically exterior building envelope improvements 
and planning tactics represent integral components for the proposed Desert 
Modernism design framework? 
5. What is a regionally appropriate exterior envelope building system for Desert 
Modernism?  
  Through an argument for a correlation between desert vernacular design principles and 
Modernism specifically focused on responses to the research questions, I established a 
foundation for this study. I hypothesize that a passive architectural design morphology, tuned to 
the Sonoran Desert, which redefines Desert Modernism and integrates:  (a) mitigation of heat 
transfer through the exterior envelope, and (b) use of daylight to inform appropriate architectural 
massing will result in reduced energy consumption and improved occupant comfort.  
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 2.0  Literature Review 
  2.1  Overview 
 As I noted earlier, Guillen (2006) contended that critics have claimed that buildings by 
modernist architects appeared to be arbitrarily composed artifacts placed upon a landscape 
without regard to regional influences such as climatic effects and the physical characteristics of 
the land.  Moreover, they also inferred that since modernist architecture is generally devoid of 
applied ornamentation its authors’ must have favored a design approach grounded in rational 
functionalism and an industrialized palette of materials with universal applicability.   
 As a point of departure and for relevance to this study, I found it appropriate to initiate my 
discussion by highlighting two specific principles of Modernism, and the objectives and 
technological developments conducive to the rise of modernist planning, composition and its 
material palette. Since I focused my research study on regional adaptive Modernism, I 
deliberately avoided unfiltered definitions and appropriations of regional and vernacular 
architecture to avoid pitfalls, which I describe in the body of this study. For this investigation, I 
determined that the use of a modernist planning and design method represented the closest 
alignment to the present-day technological approach to design and construction, albeit with a 
need for the aforementioned regional adjustment. In his compendium, Gli Elementi 
Dell’Architettura Funzionale (The Elements of Functional Architecure), written in 1932, Alberto 
Sartoris situated the theoretical underpinnings of Modernism through the work of many leading 
and often unknown modernist architects in 25 countries across the globe.   
 According to Sartoris (1932), avante-garde architects and artists during the early 1900s 
reaffirmed the spirit of this new mechanically influenced civilization by drawing inference from the 
aesthetics, absolute minimalism and functional essentials of the machine.  In essence, the same 
standardization, rationalization and normalization, which became prevalent in the new European 
industrial processes and products also drove modernist architects.  Moreover, he also implied 
that these technological developments had ushered in an era of simultaneity and fast motion.  For 
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example, the expansive global connectivity ushered in by telephone lines effectively produced an 
experience of simultaneity. I illustrated two examples of the architectural responses to these two 
points in my first counter-presupposition.  Sartoris (1932) also suggested that the spirit of this new 
era, heavily shaped by technology, could be codified into a visual, (see Figure 1) compositional 
language of maximum simplicity-one that represented the essence of the machine’s minimalist 
design.  Johannes Duiker, in his Open Air School stripped the composition of any unnecessary 
elements to make the architecture appear as if it had rolled out of the factory production line.  
 
    Figure 1.  Replication of the machine’s minimalist character. Open Air School,  
    Amsterdam, 1927. Adapted from Gli Elementi dell’Architettura Funzionale by  
    Alberto Sartoris, Copyright 1932. 
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However, upon careful analysis of the layout of the building, one can observe that Duiker made 
provisions for the intake of fresh air and natural light. He did such by orienting the building for 
(see Figure 2) maximum control of solar penetration-deliberate responses to the regional 
characteristics and overall well-being of the occupants. 
 
          Figure 2.  Early approach to natural ventilation and daylight penetration. Open Air  
          School, Amsterdam, 1927. Adapted from Lessons from Modernism: Environmental  
          Design Strategies in Architecture 1925-1970 by K. Bone, S. Hillyer & S. Joh 
          Copyright 2014. 
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 It is important to highlight that the compositional similarity (see Figures 3 and 4) of many 
early modernist structures, although produced in different countries, may have suggested the 
establishment of a universal design language and specific exterior envelope material selections.  
In actuality, a main goal was to produce a final product that seemed free of the arduous labor 
inherent in the construction processes of previous centuries, and by association man’s liberation 
from the heavy toil of construction work.  These structures reinforced a design approach that 
adhered closely to the minimalist nature of modern machinery. Interestingly, prevailing instances 
of intensive labor techniques, such as the placement of multiple courses of hewn stone, 
 
            Figure 3.  Use of plaster to demonstrate minimalism. Villa for an Architect,  
            Prague, Czechoslovakia, 1930,  by J. K. RĬHA. Adapted from Gli Elementi  
            dell’Architettura Funzionale, by Alberto Sartoris. Copyright 1932. 
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                   Figure 4.  Use of simplified and unadorned forms to emphasize minimalism.  
                   Restaurant in Ekeberg, Norway, 1927 by Lars Backer. Adapted from Gli  
       Elementi dell’Architettura Funzionale by Alberto Sartoris, Copyright 1932. 
 
 
          Figure 5.  Use of hewn stone to construct façades. Villa at Basilea,  
       Switzerland, 1927 by Hans Schmidt and Paul Artaria. Adapted from 
        Gli Elementi dell’Architettura Funzionale by Alberto Sartoris. Copyright 1932. 
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     Figure 6.  Introduction of smooth plaster to mimic the machine’s  
  minimalism. Villa at Basilea, Switzerland, 1927, by Hans Schmidt and Paul  
  Artaria. Adapted from Gli Elementi dell’Architettura Funzionale by Alberto  
  Sartoris. Copyright 1932. 
 
(see Figures 5 and 6) were often disguised with a plaster finish to emphasize minimalism and the 
inclusion of only the absolute essential elements. Ironically, Sartoris (1932) never made mention 
of material specificity as an intrinsic element of the new architecture.  Actually, he contended that 
from the perspective of economics, Holland should continue to build with bricks, Italy with marble 
and travertine, Germany with stone and China and Japan with wood albeit with an emphasis on 
simplicity.  With this statement, Sartoris intimated that regional adjustments were not only logical 
but made sense from a climatic and economic perspective. 
 Remarkably, even during a specific period of Modernism, Sartoris (1932) made reference 
to the respective characteristics of race and civilization, climatic conditions, customs and 
particular needs. Contrary to postulates by critics against Modernism, Sartoris’s foundational 
precepts of Modernism actually included reference (see Figure 7) and sensitivity, to place-based 
design.  This single-family home, built in the early twentieth century, incorporated passive 
shading elements to mitigate the challenges of the intense Brazilian sun and related heat. Here is  
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              Figure 7. Use of horizontal plane as passive shading device. Single-family home,  
  São Paulo, Brazil, 1928, by Gregori Warchavchik. Adapted from Gli Elementi                
             dell’Architettura Funzionale by Alberto Sartoris. Copyright 1932. 
 
but one example of where modernist architects meaningfully engaged a hot climate even before 
the advent of air-conditioning. In actuality, the precept offered forthright in these examples is an 
expression of a minimalism and not that of a specific material palette.  Thus, one can infer that 
even though Warchavchik had produced a minimalist composition, he nevertheless adjusted his 
architectural approach to the specificity of the location. These thoughts foreshadowed my 
forthcoming discussion on the relevance of entertaining climatic responsiveness as discussed in 
Frampton’s (1987) approach to an Architecture of Regionalism, particularly in support of the 
continued redefinition of Desert Modernism. 
 Another important aspect of Modernism that deserves mention, in order to understand its 
minimalist compositional nature, is the reference to rationalism and functionalism. From a 
simplistic and pragmatic interpretation, this seemed to imply that the functions within each space 
should drive the shape or organizational hierarchy within an architectural composition. In the 
Discussion section, I reinterpreted this approach and presented the composition in the form of a 
desert morphology wherein the design elements align with this notion yet actually serve a 
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purpose.  Paradoxically, Sartoris began his discussion on functionalism as a driving force for 
architectural compositions by pointing architects in the direction to what artists manifested in the 
art of this new era.   
 According to Sartoris (1932), painters and sculptors (see Figure 8) produced 
compositions made up of minimalist elements and assembled them in a way that expressed 
rationality.  In Flouquet’s composition, for example, there is a presentation of minimalist forms yet 
one can note a deliberate interrelationship between them.  The painting reveals forms in a 
combination of hierarchy, interweaving, additive and subtractive positions and the artist further 
reinforced it with specific selections of tonal value to highlight their position in the final 
composition.  The implication according to Sartoris, therefore, was that such as the forms and 
volumes formed minimal yet complete artistic compositions, functions within a building should 
ultimately drive a holistic composition.  Sartoris (1932) further reasoned that the same 
rationalization that drove the implicit simplicity of art and of the design of machines should 
likewise inflect architecture.  Framed in the context of a sensible interpretation, architects were 
bound to fulfill not only the specific requirements of functions in the spaces, but to express these 
with the architectural compositions they authored. The research of two modern architectural 
historians and critics countered this position outright. 
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                      Figure 8.  Compositional order based on hierarchies and 
                      relationships between forms. Composition,1925, by 
          Pierre-Louis Flouquet. Adapted from Gli Elementi dell’Architettura   
          Funzionale by Alberto Sartoris. Copyright 1932. 
 
 Seelow (2015) allegedly unveiled what the artists and architects of the period actually 
intended when they referred to functionalism as it pertains to art and architecture.  In his analysis 
of the Bauhaus motto and the work produced during Walter Gropius’s leadership, he extrapolated 
that artists and architects aestheticized the “functional” form to such an extent that the quest for 
an object’s nature or task had instead devolved into a search for the use of ideal platonic 
geometries of the purest nature in compositions.  Poerschke (2014), added that modernist 
architects conveniently replaced the notion of function and purpose (see Figure 9) with a 
penchant for a parts-to-whole relationship.  Gropius’s study of the interrelationship between 
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building height and distance demonstrated this strongest of preoccupations amongst some of the 
modernists.  In this urban scale study, one can note how building height generated the need 
 
          Figure 9.  Studies about height and distance between buildings. Siemensstadt Housing  
          Complex, 1925, by Walter Gropius Adapted from Gli Elementi dell’Architettura Funzionale                      
          by Alberto Sartoris. Copyright 1932. 
 
for increased open space.  Furthermore, in his discussion on the Modernists’ predilection for form 
and function, Seelow (2015) also made reference to Paul Klee’s anatomical studies that 
illustrated how individual limbs work together as an entity to support the human body as a whole-
again indicating an affinity for the parts-to-whole relationship.  This was but one source from 
which early modernist artists and architects drew design principles to foment artistic creations that 
incorporated hierarchy or relationship between elements.  Hence, as I alluded before with my 
proposed reinterpretation of functionalism as illustrated by this rationalized “functional” 
composition, I would advance that adjusting Gropius’s height and distance relationships between 
buildings to create shade, reduce heat and induce cooling breezes represents a regionalized 
approach to Desert Modernism.    
 This search for wholeness and platonic purity did not end with urban scale planning 
initiatives. Hans Scharoun and Walter Gropius’s submissions for the Siemensstadt Housing 
Complex, (see Figures 10, 11 and 12) also illustrated this attention to the relationship between 
the parts-to-whole.  Gropius’s revealed in his design a detailed exercise as to how disparate parts  
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   Figure 10.  Elevation and floor plan studies: Parts-to-Whole Relationship, Siemensstadt  
   Housing Complex. Berlin, 1929 by Walter Gropius. Adapted from Gli Elementi dell’Architettura      
   Funzionale by Alberto Sartoris. Copyright 1932. 
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                                    Figure 11.  Parts-to-whole relationship compostion.  
            Siemensstadt Housing Complex, Berlin, 1929 by  
            Walter Gropius. Adapted from Gli Elementi  
            dell’Architettura Funzionale by Alberto Sartoris. Copyright 1932. 
 
such as interior/exterior spaces, balconies, and fenestration worked together in a regimented 
parts-to-whole relationship.  Much of the same can be said about Scharoun’s design for his 
Panserkreuser housing block within the same Siemensstadt housing development.  Even though 
he engages in some nautical-influenced playfulness, the composition ultimately holds to the 
deliberate parts-to-whole arrangement. As the reader may be able to infer at this point, these 
compositions had little to do with place-based characteristics. Hence, if they based their 
approaches on visually pleasing arrangements, would it not make sense to create place-based 
architectural responses wherein the placement of the elements not only make for architecturally 
pleasing compositions but also aid in occupant comfort and reduced energy consumption? 
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          Figure 12.  Balcony and fenestration combinations to emphasize interrelationships between 
          parts. Panzerkreuser Housing Block, Berlin, 1929 by Hans Scharoun. Adapted from 
          Gli Elementi dell’Architettura Funzionale by Alberto Sartoris. Copyright 1932. 
 
 Interestingly, Sartoris (1932) early on alluded to modernist planning as it pertained to 
well-being and thermal comfort, particularly regarding access to natural daylight. However, he 
omitted any reference as to how the newly arrived sense of simultaneity and fast motion affected 
the modernist floor plan.  Ironically, he also made scant reference to the industrial management 
principles that also modulated many modernist architectural compositions even though many 
modernist architects readily subscribed to this ideology. I discussed Frederick Winslow Taylor’s 
Management Principles, yet other principles of Modernism, vernacular and regionalist theories, 
and environmental considerations through the forthcoming set of presuppositions and counter-
presuppositions.  These subsets outline the underlying structure supporting a logical 
argumentation for my proposed design framework.  I began the discussion with my first 
presupposition and counter-presupposition.  However, prior to continuing with other influences on 
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Modernism, I herein summarize my previous discussion of two important intrinsic principles of 
Modernism: a) a design language distilled from the functional minimalism found in the machine’s 
design bolstered by, b) an arrangement of a parts-to-whole relationship. Again, if placed upon the 
landscape without acknowledgement of the characteristics of place, then the generalized criticism 
that I presented in the beginning would be applicable. Therefore, I reinterpreted this design 
approach in my design framework by espousing adhesion to a minimalist design language and 
redefined the compositional parts-to-whole relationship into a parts-to-whole region derived 
morphology.  
 2.2  Research Problem and its History  
 Building upon the two aforementioned aspects of Modernist architecture, I narrowed my 
discussion to Desert Modernism, a misnomer applied to post World-War II modernist architecture 
built in the southwestern United States, by illustrating additional movements or derivations that 
ultimately informed this approach.   
 Modernism has branched in many directions.  However, two are pertinent to this study. 
The first one is the International Style-an approach that distilled some of the early modernist 
principles, which I discussed earlier but repackaged them in the form of an architectural idiom 
with universal applicability regardless of location.  Subscribers to this approach selectively used 
traces of the early modernist visual language but coupled it with a specificity of construction 
materials and design composition.  
 The second one that I evaluated falls under the category of Modernist-Regionalism.  This 
approach embraces the planning principles and minimalist palette of early Modernism but 
introduces the characteristics of a locale as modifiers to the architectural composition. This one in 
particular serves as a counterargument to the placeless universalist approach advocated by a 
certain strain of the International Style that advocated strong adherence to uninterrupted 
volumetric tautness and an appropriation of specific materials regardless of location. This further 
reinforces the basis for my proposed framework.   
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 An influential factor in the development of modern industrialization was largely 
manifested through technologically innovative products. This ushered in an era driven largely by 
technological determinism conducive to the production of a new architecture and had direct 
influence on the International Style. Before threading the basis for my research study through a 
set of presuppositions, I hereby reintroduce my main supposition. I hypothesize that a passive 
architectural design morphology, tuned to the Sonoran Desert, which redefines Desert 
Modernism and integrates:  (a) mitigation of heat transfer through the exterior envelope, and (b) 
use of daylight to inform appropriate architectural massing will result in reduced energy 
consumption and improved occupant comfort. I begin the discussion on technologically 
determined Modernism with my first presupposition. I further reinforced this discussion by yet 
another influencing factor that led to a technologically deterministic approach-the philosophical 
underpinnings of Frederick Winslow Taylor’s management philosophy.  I summarized these 
management protocols in my second presupposition.  
2.3  Presupposition One:  Technological determinism directly influenced the 
emergence of Modernist architecture.  
According to (Guillen, 2006) activist-historians such as Henry-Russell Hitchcock, Sigfried 
Giedion and Kenneth Frampton believed that a discernible and unified “modernist architecture” 
had emerged in Europe during the early twentieth century. For them, some of the strongest 
influences on the emergence of Modernism were the technological advances reaped from the 
rapid industrialization that propagated in developed countries.  Moreover, they added that 
innovative material developments, techniques, and forms of industrialization were the largest 
single influence on the machine-like aesthetic of the new architecture.  Guillen (2006) cited 
specific examples such as the increased use of ferroconcrete structures, exposed cement 
finishes, steel, large areas of glass and new prefabrication techniques.   
A switch from the penchant for applied design ornamentation of the previous centuries, to 
appreciation for the intrinsic beauty of the technologically advanced and unornamented materials 
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took place.  Interestingly, engineers were at the forefront of new material development and the 
innovative transfer of industrialized processes onto the design of utilitarian structures and 
architecture. Although many modernist designers, by way of their compositions with these 
technologically advanced materials may have intimated adoption of a new palette, I remind the 
reader that Sartoris (1932) completely disavowed this implication. 
 According to Banham (1960) and Curtis (1996), the engineers proved to be the most 
innovative designers who took advantage of the newly derived methods of machine production, 
and the use of new materials such as steel, glass, cement, and plastics. Moreover, those who 
also led the movement from its onset were ironically the ones who had received either an 
engineering education or training.  They understood that the efficiency, standardization, resultant 
economical solutions and new materials achieved through industrialization presented direct 
applicability.   
 For example, Frampton (1983), referenced the first 100-foot span cast-iron bridge (see 
Figures 13 and 14) built in 1779 that spanned the Severn River in Coalbrookdale, England largely 
due in part to the efforts of three pioneering men experimenting with iron:  James Watt, Abraham 
Darby, John Wilkinson and the architect Thomas Pritchard.  In a momentary setback, the 
innovative design of this cast iron bridge revealed brittleness and associated surface cracks. This 
was resolved by holding the individual members in compression.   These innovations ultimately 
led to the development of Joseph Paxton’s Crystal Palace.  This was possibly one of the most 
telling precursors to Modernism’s steel and glass compositions.  
 Fatefully, it also presented designers with climate-related intensification problems in the 
interior (Frampton, 2007) of an unprecedented scale. Unsuccessful attempts to moderate the 
greenhouse effect included canvas covers and the draperies (see Figure 15) that according to 
Frampton (2007) also served to hide what many perceived to be an unsightly technological 
artifact.  This result turned out to be a cautionary tale of unintended consequences.   Although  
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Figure 13.  Advent of cast iron technology demonstrates efficiency and lightness. The Iron Bridge 
at Coalbrookdale, Shropshire, United Kingdom 1779 by Thomas Pritchard. Accessed from 
http://www.english-heritage.org.uk/visit/places/iron-bridge/history/  
 
these engineering feats, along with innovations in management philosophies that arose during 
the Industrial Revolution, were identified as significant factors influencing the development of the 
modernist movement and its physical manifestation other influences were in progress.  
Nevertheless, I emphasize that some modernists often promoted these innovative material as the 
palette for Modernism. I presented results and discussed some of the implications behind this 
misappropriation from a climate perspective through virtual simulation in the Results section. 
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                     Figure 14.  Mechanized assembly methods. Detail of Iron Bridge  
              at Coalbrookdale, Shropshire, United Kingdom, 1779 by Thomas Pritchard 
                     Accessed from https://www.english-heritage.org.uk/visit/places/iron-bridge/history 
 
 
Figure 15.  Use of draperies and canvas covers to shield occupants from the intense solar-
generated heat. Steel Engraving of the interior of the Crystal Palace, Sydenham, England, 1851, 
by Joseph Paxton. Accessed from https://www.hortweek.com/paxtons-
palace/landscape/article/1385633              
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Nevertheless, within the same group of activist-historians (Guillén, 2006), a faction derided the 
emphasis placed on the aforementioned technological determinism.  
 Instead, Banham (1960) and Frampton (2007), posited that it was actually a combination 
of several ongoing and somewhat incompatible intellectual trends, which had a larger influence. 
The somewhat discontinuous artistic and architectural movements, which spanned between the 
eighteenth and nineteen centuries, included romanticism, stylistic revivals, functionalism, and 
rationalism.  Guillén (2006), contended that other significant contributions to Modernism arose 
from many other movements such as Futurism and De Stijl, but he highlighted the following 
as ones that aligned with the new management principles and conception of space: 
• English Arts and Crafts Movement - The idea of a well-crafted object, art for the people 
(as opposed to for the elite), with coherence in simplicity and design. 
• Art Nouveau - The use of naturalistic decoration, which also incorporated iron columns 
and frames allowing for the ‘free disposition of the rooms at the different levels, and the 
independence of the partitions one from another,’.¹ 
• Cubism - This artistic movement presented architects with new approaches to visualizing 
light and space, which eventually transformed the planning of buildings.  
These same critics argued that the perception of a discernible and unified “modernist 
architecture” was, in fact, a distillation of pieces from each of the aforementioned movements.  
Curtis (1996), added that many of the pioneering works of the modern movement actually relied 
on architectural tradition in a more universal sense. Interest in features such as proportion, 
arrangement and articulation of formal themes rather than stylistic reinterpretations or mere 
reproduction remained strong drivers.  In essence, modernist architecture was not simply a 
movement that surfaced without reference to the past, but one that actually distilled and evolved  
from such.  In direct contrast, Guillén (2006) contended that a second group of historians 
______________________________________ 
¹  From Space, Time and Architecture: The Growth of a New Tradition, p. 305., by Sigfried 
Gideon, 1941,Cambridge,MA: Harvard University Press 1975. 
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supported the notion that other more significant after-effects of industrialization actually had a 
larger influence on the rise of Modernism.  
 This group of historians, which included Reyner Banham, William Curtis and Kenneth 
Frampton, (Benevolo, 1960 and Jencks, 1973) pointed to consequences such as social 
dislocation, chaotic urbanization, poor working conditions, and alienation caused in large part by 
industrialization itself as larger influences on the rise of Modernism. According to Guillen (2006), 
they debated against the technological determinism thesis held by the first group in support of 
improved efficiencies, lower costs yielded by standardization, and aesthetically sanitized 
buildings-products of industrialization held a higher possibility for remedying these maladies.  
Based on these arguments and counter arguments, and the fact that Modernism was influenced 
by a multitude of factors, I determined that my proposed adjustments to Desert Modernism 
represented the continuing evolutional trajectory of Modernism.   
 In summary, it appeared that the different dynamics and factors undoubtedly exerted 
considerable influence on the vastly simplified and unornamented compositional arrangements 
found in early Modernism.  Nevertheless, advocates for technological determinism helped 
Modernism evolve into a prescriptive approach that negated a place-based design approach. 
 2.4  Presupposition 2:  Towards a universal architectural idiom:  The effects of 
Taylorism, and the prescriptive principles held by one strain in the International Style.    
 Aligned somewhat with the technologically deterministic premise held by the first group of 
historians mentioned earlier, several prominent European and Latin American architects 
practicing during the onset of Modernism became some of the strongest proponents of Frederick 
Winslow Taylor’s Principles of Scientific Management published in 1911.  These management 
techniques, created during the Industrial Revolution, were meant to increase production and by 
consequence improve social welfare.  According to Guillén (2000), Taylor predicted that through 
his principles he could achieve significant production gains by standardizing machinery, 
estimating accurate product manufacturing times and pushing humans to adapt to a faster work 
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pace.  The result was access to higher quality products and improved housing to a larger 
segment of society. In his book, The Taylorized Beauty of the Mechanical, Mauro Guillén 
painstakingly assembled research supporting his assertions that renowned modernist architects 
such as Peter Behrens, Le Corbusier, Mies van der Rohe, Walter Gropius, and Bruno Taut were 
staunch adherents to these management principles.   
 In his review of modernists with strong affinities for the Taylorist principles, Guillén (2000) 
maintained that the potential to segment work tasks, reduce waste, cut costs, increase 
standardization and glorify regularity was very much in line with their aesthetic concerns.  El-
Lissitzky, an exponent of the Russian Constructivist movement, was quoted as saying, “Building 
norms and construction times must be worked out so building can be transferred to mass-
production factories and houses ordered from a catalogue.”²  Furthermore, Guillén (2000) added 
that the modernists’ enthusiasm for Taylorism and by inference Ford’s manufacturing processes 
often referred to as Fordism surfaced on three levels: 
1. They exhibited a technocratic ideological approach to problem solving             
      inspired by the principles of neutrality, efficiency, and planning. 
2. They worked for firms that were deeply committed to scientific           
     management, endorsed and used the most important scientific          
     management techniques in their architectural projects, and took part in        
     organizations promoting the diffusion of scientific management. 
3. They reinterpreted scientific management in aesthetic terms. 
 
 
 
 
________________________________________ 
²  From El Lissizky: Life, Letters, Texts. (p. 374), by Sophie Lissitzky-Kuppers, 1992, London: 
Thames & Hudson.  
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In fact, Gropius, Meyer, Wagner and Le Corbusier (Banham, 1960) were known to have 
displayed an insatiable enthusiasm for the assembly line and Fordism. They proposed to produce 
houses “by machine tools in a factory, assembled as Ford assembles cars.”³ 
 The AEG Turbine Factory and Fagus factory buildings (see Figures 16 and 17) were two 
examples of architecture that alluded to a modernist propensity for “evoking a machine-like 
imagery” according to Guillen. A sense of regularity and machine aesthetic are readily 
discernable.  This description paralleled Sartoris’s earlier assertion about a new architecture 
based on absolute minimalism and instilled with only the absolute functional essentials of the 
machine. Interestingly, in Behren’s design for the AEG Turbine Factory, one can note that even 
though the entirety of the exterior envelope is comprised of masonry, it is completely devoid of 
any applied ornamentation and in keeping with the Modernism’s minimalist approach.   Moreover, 
 Gropius and Meyer echoed the parts-to-whole compositional strategy illustrated earlier, in 
their design for the Fagus factory. This building also exemplified the preference for regularity that 
was a strong theme in the International Style. Hitchcock and Johnson (1966) prefaced that 
Hannes Meyer, once again remarked that interest in proportions or in problems of design for their 
own sake remained an unfortunate remnant of nineteenth century ideology. Thus, in an 
interesting turn of events, minimalism, the parts-to-whole compositional approach, the previously 
mentioned management and production processes, and an affinity for unadulterated minimalist 
forms morphed into an extreme proposal for a universalized modernist architecture. 
________________________________________ 
³  From Theory and Design in the First Machine Age (p. 222), by Reyner Banham, 1960, 
Cambridge, MA: MIT Press.  
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          Figure 16. Unadorned masonry walls mimicked the simplicity of the machine.  
          AEG Turbine Factory, Berlin, 1909 by Peter Behrens.  Accessed from                       
                      Retrieved from http://www.stadtentwicklung.berlin.de 
 
 
 As the reader may have observed, the adherents to Taylorism made minimal reference to 
the sensitive placement of architecture within a region.  One could argue that these buildings are 
readily interchangeable between countries. 
 The International Style that surfaced in the early 1930s was not very different from this 
ideology.  The movement was somewhat aligned with these scientific management principles and 
the production of a minimalist architecture, albeit with a renewed focus on highlighting innovations 
in construction materials. Alfred Barr, Director of the Museum of Modern Art in New York City 
(MOMA) along with Henry Russell Hitchcock and Philip Johnson, co-curators at the same 
institution, strategically repackaged the modernist principles in the form of a new aesthetic 
manifesto. In their 1932 show at the Museum of Modern Art in New York, titled “The International 
Style: Architecture Since 1922”, Hitchcock and Johnson carefully culled a sampling of projects, 
mostly from the European Modernism catalogue, to demonstrate the new aesthetic principles. 
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Figure 17. Uninterrupted regularity of structural bays manifests the International Style credo. 
Fagus Factory, 1916, Alfeld, Germany by Walter Gropius and Adolf Meyer. Accessed fro     
http://library.artstor.org.eproxy2.lib.hku.hk/#/asset/ARTSTOR_103_41822003428263. 
 
 They tendered them to the global design community in the form of a universal idiom that 
according to them was conducive to appropriate architectural design solutions for the era.  
Ironically, the examples that they included in their exhibition were (see Figure 18) also the same 
early examples of modernist architecture developed earlier by European architects.  The same 
compositional principles of parts-to-whole relationships, asymmetrical compositions, elimination 
of ornamentation and absolute minimalism in their material palette was also evident in these.  In 
my opinion, one could almost refer to the International Style as a movement within a movement.   
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                   Figure 18. Taut, unadorned volumes offered as a universal design solution. 
       The Lovell House, Los Angeles, 1929 by Richard Neutra. Accessed from 
                   http://neutra.org/product/lovell-health-house-los-angeles/ 
 
 
 Interestingly, Hitchcock (1966) argued that functionalism was in fact one of the strong 
undertones behind the new style.  This, however, was not a unique identifier of the new style as 
the early modernists had embedded this principle into modernism from its onset.    
 I opted to summarize two of the most recognizable aesthetic principles as these tended 
to reinforce placeless solutions.  Their first principle, “Architecture as Volume”, capitalized on 
technological advances afforded by contemporary methods of construction, specifically Le 
Corbusier’s skeleton infrastructure that had freed the exterior building surfaces from supporting 
the building.  Hitchcock and Johnson (1966) reinforced that plans exhibited greater freedom as 
both exterior and interior walls no longer held a load-bearing role.  Moreover, they contended that 
the effect of mass and of static solidity evident in buildings prior to the arrival of Modernism (see 
Figure 19) had disappeared and that exterior surfaces or walls now bounded volume.  
 The International Style architects subscribed to the absolute minimalist aesthetic 
expression of the building’s independent functions and packaged these in taut volumes.  Actually, 
proponents of the style frowned upon any interruptions of the smooth surfaces and even 
relegated the introduction of windows that broke up the stretched canvas-like surfaces to 
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unfortunate design decisions by unskilled designers.  Oddly enough, much of the literature on the 
International Style rarely referenced a design response to the characteristics of the location and 
its particularities. I pause here to emphasize that this particular principle has yielded many 
examples of inappropriate design responses without relevance to place. To extrapolate to 
Phoenix, plentiful examples of taut volumes exist that must of necessity rely on mechanical 
cooling systems for occupant comfort.  Moreover, these technologically determined buildings 
could in fact exist anywhere. 
 
     Figure 19. Predilection of for bound volume. The 
                Lenglet House, Brussels, 1927 by H. L. Koninck. 
    Accessed from https://www.Pinterest.com 
 
 The second principle “Regularity” also referenced some of the key features of scientific 
management.  Terms such as: a) system, b) objectivity and, c) standardization 
were formulated into a visual code by the designers.  They developed an aesthetic interpretation 
that suggested the same regularity, continuity, speed, efficiency, and mass production that could 
be found on the factory floor. Thus, according to Hitchcock and Johnson (1966) much as 
industrialists assembled products with mass produced and standardized parts, architecture could 
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in turn manifest this regularity by following the consistent and economical ordering of the 
building’s structural bays. My objections to these principles are that preference for a visually-
pleasing, parts-to-whole compositional arrangement and regularity do not allow for a physical 
modulation of the architecture in response to climatic challenges or any other characteristics of 
place. 
 The movement had a profound effect on American modernist design and throughout the 
world. Their beliefs, though not a radical departure from the founding tenets of Modernism, 
nevertheless promoted a quasi-religious fervor for functionalist design and a clean expression 
through simplified homogenous volumes above other concerns.   
 The ascetic and heavily sanitized philosophy resulted in compositions exhibiting 
minimalist volumes with a preference for the expression of structure and the essence of materials 
above all else.  Unfortunately, they cast their “mantle” upon the world with minimal consideration 
for regional influences or climatic factors. However, additional research material revealed that 
artists and architects embedded other more profound humanistic thought processes within 
Modernism. I presented the following synopsis as a counter argument. 
 2.5  Counter-presupposition 1:  Modernist architecture has humanistic goals.   
 In a more recent reappraisal of Modernism, encapsulated within the text Principles of 
Modern Architecture, Christian Norberg-Schultz presented other modernist texts and first-hand 
testimony by modernist architects that served as a counter argument to the aforementioned 
position. According to Schultz (2000) the goals of the many artists, architects, designers and 
engineers that produced work during the onset of the modernist movement were not solely 
aligned with an admiration for engineering innovation or industrial management principles.  
Schultz (2000) instead insinuated that they were focused on creating art, architecture and 
products to assist man’s adjustment to a newly transformed world due in large part to the effects 
of industrialization in the early 1900s.  
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 Schultz (2000) offered that the Marxist architect Hannes Meyer best described the 
course-altering scientific and technological innovations, “as the things that were not there before 
such as racing cars, that dash along streets, and aircraft which slip through the air, widening our 
range of movement between us and the earth.”⁴   Schultz (2000), also added that the new set of 
phenomena: (a) openness, (b) increased mobility, and (c) interaction introduced modern man to a 
new sensorial experience of simultaneity.  Alberto Sartoris (1932) also made brief mention of 
this in his tome on Modernism.  
 To refresh the reader’s memory, the examples that I have so far presented illustrated a) 
influences by the functional minimalism of the machine’s design and, b) an arrangement of a 
parts-to-whole relationship.  However, many of the early modernists failed to capture this 
renewed sense of liberation and simultaneity, as experienced by citizens of this new era, in the 
planning layouts and balance between transparency and opaqueness. The architects had, 
however, stripped the exterior architecture of all encumbrances and demonstrated a new sense 
of lightness and transparency. Yet, these examples (see Figure 20) of modernist architecture 
failed to address the free flow of space. The image depicts a continued reliance on 
compartmented space.  Modern artists responded first to this incongruent feeling of simultaneity 
with never before seen ways of artistic representation and in fact established a point of departure 
for a new architectural design approach as well. Modernist architects were directly influenced by 
the art and gradually evolved the compartmented architecture into combinations of free-flowing 
spaces. 
_____________________________________ 
⁴  From Das Werk, Vol. VIII, 1926. Quoted from Tim & Charlotte Benton, Dennis Sharp: Form and 
Function, London 1975, pp. 106ff Cambridge,MA: Harvard University Press 1975. 
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                     Figure 20.  Compartmented spatial layout. Painter’s Villa, Prague, 1929 
         by Josef Fuchs. Adapted from Gli Elementi dell’Architettura Funzionale 
         by Alberto Sartoris. Copyright 1932. 
 
 The work of Pablo Picasso and Marcel Duchamp, like that of many other Cubist painters 
of the era, represented a radical divergence from the realistic and static representations of their 
predecessors in the nineteenth century with their new approach.  In “Nude Descending a 
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Staircase” (see Figure 21), Duchamp ably caught the simultaneity of movement through a 
juxtaposition of viewpoints into a singular image.  Shultz (2000) stipulated that Cubist artists had 
based their observations on empiricism, rather than reason or logic, and in short attempted to 
heal the “split between thinking and feeling.”  Architects responded by connecting people with 
their environment through appropriate indoor/outdoor open planning relationships. This design 
approach became a recognizable characteristic of the Modernism in architecture. 
 
                               Figure 21.  Expression of simultaneous movement. Nude  
       Descending a Staircase, 1912 by Marcel Duchamp. Accessed from 
                   https://www.philamuseum.org/collections/permanent/51449.html. 
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 Along the same vein, Walter Gropius one of the leading modernist architects, stated 
“rationalization, which many people imagine to be the cardinal principle of the new architecture, is 
really only its purifying agency. . .The other, the aesthetic satisfaction of the human soul, is just as 
important.”⁵ How then were the modernist ideals of a new sense of simultaneity and freedom 
physically manifested in architecture? 
 Schultz (2000) contended that the free plan and the open form became two key defining 
characteristics of modernist architecture.  In his description of this new open plan concept, he 
contrasted the approaches between spatial organizations of past epochs to the new approach.  
For example, he argued that the majority of planning prior to the arrival of Baroque and 
subsequently modernist architecture featured centers and axes as key organizing strategies.  The 
idea of a center, according to Schultz (2000) represented a vertical axis that linked man’s actions 
to the sky above and subservience to a higher deity and monastic rule.  This focus on a center 
coupled with the closed and insular forms of earlier architecture reinforced a connection between 
man and a higher deity, but also resulted in a deliberate compartmentalization of space.   
 By contrast, modernists in opposition to the aforesaid countered that the horizontal 
freedom of the free plan represented, for occupants, a new interactive relationship between inside 
and outside, abolition of restrictive boundaries and the materialization of the newly found global 
openness of a modern world.  This open planning approach also allowed architects to create 
volumetric and planar compositions that could extend the interior spaces onto the site and the 
surrounding environs. 
 Moreover, a spatial continuity afforded through transparency with large areas of glass 
and the liberation of the façade from the supporting structure further supported this sense of 
simultaneity.  Le Corbusier’s in his Five Points towards a New Architecture (see Figure 22)  
_______________________________________ 
⁵  From The New Architecture and the Bauhaus,p. 20., by Walter Gropius, London, 1935.     
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illustrated how he liberated the plan from the restrictive structure inherent in load bearing 
partitions that previously enclosed space.   
 
                               Figure 22.  Liberation of space through the freed façade. 
                   Five points towards a new architecture, 1926, Le Corbusier 
       Adapted from “Towards a New Architecture”, Fondation Le Corbusier 
 
 
 Through his innovation, walls no longer supported the building but were instead used to 
guide and direct space rather than enclose it.  Other architects, such as Frank Lloyd Wright also 
openly acknowledged the influence of Japanese architects’ on the open plan concept through 
their use of movable shoji screens rather than independent volumetric enclosures.  Mies van der 
Rohe’s Tugenhadt House (see Figures 23 and 24), is a poignant example of the new role 
ascribed to walls in concordance with Le Corbusier’s Five Points.  In the floor layout for the living 
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areas, one can note that walls have taken a renewed role wherein they direct and allow space to 
move freely.  
 
          Figure 23.  Walls used to redirect space rather than compartmentalize it. Living area  
          layout of Tugenhadt House, Brno, Czechoslovakia by Mies van der Rohe. Adapted  
          from Gli Elementi dell’Architettura Funzionale by Alberto Sartoris. Copyright 1932. 
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              Figure 24.  Space is released to the exterior. Living area layout of Tugenhadt  
  House, Brno, Czechoslovakia by Mies van der Rohe. Adapted from Gli Elementi      
              dell’Architettura Funzionale by Alberto Sartoris. Copyright 1932. 
   
 Paul Rudolph, decades later, further illustrated this sense of simultaneity with his 
diagrammatic analysis of Mies van der Rohe’s Barcelona Pavilion. He illustrated how the carefully 
situated internal walls and porous envelope connected the architecture to the exterior. He 
diagramed the free circulation and cones of vision within the floor plan (see Figure 25), and also 
highlighted how the massing of the building (see Figures 26 and 27) visibly demonstrated that 
man was no longer restricted to the centers and axes of architecture prior to Modernism.   
 
 
37 
 
 
Figure 25.  Free circulation, movement and cones of vision. The Barcelona Pavilion, 1986, by 
Paul Rudolph. Adapted from The Paul Rudolph Archives. Accessed from 
http://www.hiddenarchitecture.net/2016/11/barcelona-pavilion-study-drawings-and.html  
 
         Figure 26. Interweaving between interior and exterior.  
         The Barcelona Pavilion by Mies van der Rohe. 
         Accessed from https://www.pinterest.com/pin/64035625921817807/   
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                Figure 27.  Free flow of interior space. The Barcelona Pavilion by  
             Mies van der Rohe.  
             Accessed from https://www.pinterest.com/pin/64035625921817807/ 
 
 In my first presupposition I highlighted a design approach and evolving material 
innovations based on the technological determinism derived from industrialization. In my second 
one, I continued my discussion about the philosophical underpinnings behind the International 
Style to illustrate its strong influence on the development of placeless modernist design. 
Unfortunately, they somewhat successfully proffered it to the world as a universal design 
language-a specific point of contention in my study.    
 In my counter-presupposition, I introduced yet another philosophical design approach-
one that espoused connectivity between the inside and outside.  I rejected preconceptions of a 
modernist palette based on Sartoris’s statement of adjustments based on region.  I adopted the 
free plan and open aspects from Modernism, as these remained present in the majority of 
examples of Desert Modernism that I surveyed. These formed the basis for my framework as it 
presented me with a neutral chassis upon which to construct a desert-attuned planning layout 
that maintained this connectivity between the exterior and interior. 
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2.6  Presupposition 3:  The Modernist-Regionalist Binary: Intersections between a 
universal design language and regional inflections. 
 According to Huppauf and Umbach (2005), modernization theorists argued that “the 
modern” was conceived as a temporal category: They construed modernity as a break from all 
tradition therefore different from all preceding periods.  As I noted in my first presupposition, this 
was a period characterized by rationality, secularization and continuous innovation. These 
modernization theorists denoted the period as one marked by a fixation on the future with minimal 
reference to historical precedent.   
 However, Huppauf and Umbach (2005), countered that the vernacular and the modern 
have in fact always exhibited a somewhat fluid interdependence. If the two design alternatives are 
examined from the perspective of making a choice between them, then a theoretical binary exists. 
Thus, I posit that one cannot view vernacular structures through a modern, westernized lens and 
interpret it that way without truly understanding the forces that materialized the architectural 
artifact. Therefore, I examined the notion behind a fluid interrelationship between Modernism and 
the vernacular through further exploration of an appropriate definition of the latter using virtual 
simulation and energy analysis of existing vernacular construction techniques.  I also found 
further relevance in the theoretical discussions on critical regionalism, as they also pointed to the 
notion of place-based design.  
 A widely accepted definition of the term vernacular drew its meaning from the Latin root 
vernaculus, which referred to the native language or dialect of a specific locale.  The Latin 
dictionary cites domestic, homegrown and native as additional definitions.  That definition 
therefore indicated that, that which originated, belonged to a specific place or exhibited 
characteristics of a particular locale represented an appropriate point of departure for a 
discussion of the vernacular.  
 According to Richardson (2001), a common characterization of the vernacular includes 
an evolving continuum of site-specific design solutions and construction approaches.  In other 
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words, artisans and early builders developed their architecture through a somewhat iterative and 
evolutionary process: They achieved development of their final artifact, through cumulative trial 
and error testing.  
 Of regional relevance to my study was the vernacular architecture of the Ancestral 
Puebloans or Anasazi and Sinaguan (see Figure 28) tribes who populated the hot-arid 
southwestern regions. Upon preliminary visual observation, these “designers” appeared to have 
fulfilled only the most basic of needs for their occupants-shelter from the challenges posed by the 
 
      Figure 28.  Careful orientation and placement of the architecture for response to defensive   
      and possibly climatic pressures. Cliff Palace, Mesa Verde National Park, Colorado. 
      Accessed from https://www.nps.gov 
 
harsh desert environment.  However, scrutiny of the siting of the architecture demonstrated a 
deep understanding of how to glean benefits from a deep understanding of solar angles.  They 
established that during the cold winter months the sun penetrated deeply into the deep alcoves of 
the cliff face. This solar energy charged the thermal mass of the thick stone walls and moderately 
warmed their interior spaces during cooler evening temperatures.  In the summer months, the cliff 
overhang blocked high solar angle penetration and thereby eliminated the re-radiation and 
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associated high temperatures. These simple, passive design strategies allegedly kept their 
complexes cool and warm. 
Unfortunately, many architects, historians and theorists have erroneously cataloged 
vernacular architecture into specific periods and, unfortunately into a condition of stasis.  As I 
delved into the existing body of knowledge on the evolutionary nature of vernacular design, I 
concluded that a fluid definition for vernacular architecture was better suited. In other words, my 
research revealed that it exhibited an evolving syntax, which drew from vernacular authenticity to 
the continuous yet time specific cultural or technological innovations advancing it. Therefore, I 
deduced that it was appropriate to develop a stronger understanding of the apparent climate 
responsive lessons from vernacular architecture before mimicking any type of formalism.  The 
permanency of the climatic characteristics of the southwestern desert region necessitates an 
understanding of solar angles and diurnal temperature differentials. It would seem appropriate 
then, that a present day design response should reflect these lessons yet build upon them with a 
solution that incorporates the knowledge and technologies of the current period.  I reflected on 
these after scrutinizing an evolving definition of vernacular or site-specific architecture using 
Heath’s (2007) use of the regional filter. 
 Heath (2007), advocated for a vernacular architecture that was not in an inert condition 
but one that changed perpetually because of dynamic forces applied over the course of time.  A 
case in point is how the inhabitants of a place, at a specific point in time, evolved their 
architecture in response to concerns, pressures and values. Thus, to understand this approach 
better he offered three alternative definitions for vernacular architecture: 
• stabilized vernacular or folk- this definition suggests an embedded response to 
building that displays a very slow rate of change over time  
and eventually reaches the aforementioned point of stasis.  The original Pueblo 
Indian (see Figure 29) structures found in Taos, New Mexico are  
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a representative example. The stabilized vernacular architecture has essentially 
been “frozen in time” since it no longer has to fulfill its intended role but has, 
nevertheless, been memorialized.  
 
        Figure 29. Stabilized vernacular forms for a specific time period. The Taos Pueblo,  
        Taos, New Mexico. Copyright by John Galbreath. Accessed from 
        http://johngalbreathphotography.com/index/index.php?dir=New_Mexico 
 
• extinct vernacular- this model is an outright rejection of an outmoded form or 
irrelevant building type.  The nostalgic motor court motels, along Route 66, (see 
Figure 30) outfitted with Native American architectural imagery illustrates this 
definition.  Although they formed part of the collective memory of Americana, 
they have lost any relevance to modern day hotel accommodations. 
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               Figure 30.  Romanticized version of an extinct vernacular. The Wigwam Motel, 
               Holbrook, Arizona. Copyright by Steve Loveless. Accessed from 
               http://www.stevelovelessphotography.com/product/409-wigwam-motel-holbrook-az/ 
 
• evolving vernacular- this definition illustrates the evolution of stabilized or folk 
vernacular architecture, which no longer needed to respond to cultural or climatic 
issues. Modern day folk builders, for example, evolved the architecture through 
creative articulation in response to other aspirations or prevailing social 
imperatives. Continual aesthetic or formal manipulations (see Figures 31 and 32) 
to the existing architecture, at different points in time, represent examples under 
this classification.  In other words, the architecture may have served as a 
dwelling before, but was transformed to a commercial use including exterior 
envelope modifications yet maintains the use of irrelevant imagery or decoration.  
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                               Figure 31. Traditional architecture of the Ndebele tribe. 
      The Ndebele Village House. Photo copyright by Richard  
      Woodward. Accessed from http://www.alovelyworld.com/afrique-du-          
                               sud/htmgb/ndebele-village-house.htm 
 
 
 
                               Figure 32. Appropriate vernacular forms. The Ndebele  
      Guest House. Photo copyright by Richard Woodward. 
      Accessed from http://www.alovelyworld.com/afrique-du- 
      sud/htmgb/ndebele-village-house.htm 
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Heath (2007), suggested that these definitions expand our understanding of the fluid nature of 
vernacular architecture.   
He argued further that a flexible definition simultaneously addresses both global and 
regional factors, sensitivity to evolving conventions and highly individualized responses to specific 
sets of conditions. His regional filter model (see Figure 33) illustrates this fluid composition of 
vernacular architecture, wherein desired results are achieved according to inputs. Thus, it 
seemed logical that an evolving definition of vernacular architecture represented an effective 
position from which to start my redefinition of Desert Modernism since it allowed me to test and 
examine design solutions from antiquity with modern day technological advances.  Hence, for 
example, rather than simply copying the inherent massiveness of vernacular architecture in the 
Sonoran region, I sought first to understand the reasoning behind such design solutions.  Had the 
ancient architects designed the massive walls and narrow openings in a deliberate response to 
climatic challenges? 
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                          Figure 33. Dynamics that shape vernacular form-The Regional Filter              
  Copyright by Kingston William Heath 
 
 Meir and Roaf (2006) argued that assuming that historical, traditional and vernacular 
architectural prototypes were somehow adapted to the climatic challenges of a particular 
environment was erroneous. In fact, they added that emphasis on climatic considerations as 
design drivers may have been of latter importance behind issues such as behavioral, cultural 
pressures, defensive strategies and economics.  
 Meir and Roaf (2006) added that the high inertia inherent in the massive stone walls 
prevented the needed solar gains for adequate and continuous winter heating, and the narrow 
openings greatly minimized the much desired cross-ventilation for summer cooling.  These  
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Figure 34. Narrow openings highlighted structural design limitations rather than climatic 
responses. The Montezuma Castle. Accessed from https://dissolve.com/stock-photo/USA-
Arizona-Camp-Verde-Montezuma-Castle-National-Monument-royalty-free-image/101-D256- 
17-504 
 
ancient structures were in fact very cold in winter (see Figure 34) and uncomfortably hot during 
the summer months. What then, are we to deduce from early vernacular designs?  Upon closer 
scrutiny, it is logical to assume that the massive walls can be attributed to the use of such 
thickness to compensate for lateral loads or perhaps defensive purposes.  The narrow openings 
may have been a result of a lack of access to timber to create long span lintels.  Nevertheless, 
there are other more recent lessons that I researched which fall under the categorization of an 
evolving vernacular. Even though the Pueblo and Sinaguan tribes may have very well been the 
first peoples that created the first instances of vernacular architecture in the region under study, 
subsequent arrivals continued its evolution into region-appropriate hybridized combinations that I 
sought to advance further in my Methodology section.  
 
 
48 
 
 Vint and Neumann (2005) presented a comprehensive survey of evolved vernacular 
architectural prototypes in their research study called Southwest Housing Traditions: Design, 
Materials, Performance. In essence, the examples that they offered represented more recent 
vernacular structures built by other Native American peoples, Hispanic and Anglo cultures.  I 
garnered the climate mitigation lessons noted in the study in somewhat of the chronological order 
in which Vint and Neumann presented them below: 
1. The Hohokam tribe used thick earthen walls at the Casa Grande settlement for 
shelter and thermal mass, as well as compact forms to reduce solar exposure. 
However, they also relied on massiveness for structural stability. 
2. The Hispanic settlers used adobe or thick mud wall bricks that served as thermal 
mass to delay the transfer of heat energy into the interior, in settlements along the 
entire southwest from El Paso, Texas to Southern California. 
3. The Hispanic settlers created the thin, row house prototype, examples which still 
exist in the Tucson Old Barrio, with openings on both sides to induce cross 
ventilation. They also used heavier timber sections to create larger openings within 
the thick adobe mud brick walls further abetting ventilation. 
4. The Hispanic settlers also created the zaguán, a wide exterior passageway between 
buildings that allowed carriage access into an enclosed exterior space know as a 
courtyard.  Although this passageway had a pragmatic purpose, the early builders 
discovered that it also induced comfortable air movement, largely due to a Venturi-
like effect into the courtyard. 
5. The Hispanic settlers learned that by increasing the height of the their buildings, 
thereby creating high-ceilinged spaces, hot air stratified to the top and kept the lower 
occupied strata of the space cooler for occupants. This hot air was then exhausted 
through operable transom windows. 
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6. The Hispanic builders also appropriated the Mediterranean courtyards of antiquity 
and soon learned that they had created tempered micro-climates within the confines 
of the building footprint. A necessary sheltering technique against the oppressive 
heat of the surrounding desert. 
7. Lastly, the Anglo settlers integrated a higher use of advanced milled wood products, 
initially imported from the eastern and western portions of the country.  With these 
dimensioned wood products, they inserted operable transom windows above the 
door openings to exhaust the hot air that had stratified at the top of the high-ceilinged 
spaces. 
 Hence, to paraphrase the lessons from these evolved examples of the vernacular, I 
learned that the specific inputs by the early builders were: a) thermal tempering through thermal 
mass, b) stratification of hot air with high ceilinged spaces, and c) cross ventilation techniques.  
 In my continued research, I learnt that the study would be incomplete without a 
discussion of other potential modifiers to the incorporation of an evolving vernacular definition for 
my proposed framework.  Critical regionalism theoretical constructs are relatively new within the 
body of architectural theory however, as they pertain to architecture, these have arisen in support 
of the creation of identity or as concerted responses against the alleged universalization aspects 
associated with Modernism.  
 Critical regionalism in architecture was defined (Lefaivre and Tzonis, 2003) as an attitude 
to design that sought to incorporate specific elements from a region such as materials, building 
typologies and communal preferences.  Oddly, in a manifesto-like admonition architects were 
encouraged to reinterpret these in a manner that was abstract and bereft of nostalgia.  To 
illustrate, I offered that critical regionalist designers in Switzerland, commissioned to design a new 
project, would not simply recreate the traditional building typology of a fifteenth century Swiss 
raccard or granary (see Figure 35). 
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    Figure 35.  Elevated grain storage structure with wood slats for    
    ventilation. Traditional raccard, Valais, Switzerland. Accessed 
    from https://www.cnn.com 
 The primary reason is that such a structure had the specific purpose of keeping grain dry and 
above the ground. The builders used wood materials that allowed ventilation while the stone 
plinth kept the structure water resistant.   Those design features are identifiable with a period and 
need.  Therefore, mere replication of this vernacular (see Figure 36) architecture would result in 
nostalgic misappropriation. Literal appropriation of the granary’s typology and imagery is 
anathema to the critical regionalist philosophy.  It would result in an eclectic composition akin to 
the image of the illustrated modern home. 
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   Figure 36. Appropriation of the raccard for a modern  
   house. Barn conversion, Valais, Switzerland, by Savioz  
   Fabrizzi Architects. Accessed from https://www.sf-ar.ch/ 
 
 Instead, their design approach should incorporate the regionally applicable 
characteristics of the raccard and locale such as materiality, quality of the light in the region, scale 
and response to the topography (see Figures 37, 38) albeit imbued with the modern technological 
advances available with today’s construction methods.  In the Saint Benedictine Chapel, I 
 
      Figure 37.  Wood shake cladding used to accentuate texture  
                              in area of subdued light. Saint Benedictine Chapel, 1988, 
                              Sumvitg, Graubünden, Switzerland by Peter Zumthor. Photo 
       copyright Leo Naegele.  Accessed from http://leonaegele.blogspot. 
                              com/2012/09/swiss-circle-st-benedetg-chapel.html 
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                                Figure 38. Use of clerestory windows and simple detailing to 
                    accentuate regional diffuse light. Interior of Saint Benedictine  
        Chapel, 1988, Sumvitg, Graubünden, Switzerland by Peter Zumthor.   
        Photo copyright Felipe Camus. Accessed from  
                                https://www.archdaily.com/418996/ad-classics-saint-benedict-chapel- 
        peter-zumthor/5216214de8e44e7a1800012a-ad-classics-saint-benedict-      
                                chapel-peter-zumthor-image 
 
observed how the architect referenced the Swiss woodworking craft on the interior and 
reinterpreted the exterior wood textures of the traditional raccard with his façade treatment. 
However, identifying examples of architecture that subscribes to this architectural theory are 
difficult to decipher. 
  Frampton (1983) suggested that this approach encompassed a broader scope. In his 
opinion, this approach relied on abstract tactics that mediated or minimized the deleterious 
consequences caused by the homogenizing effects of globalization.  Critical regionalism was not 
an opposition to technology per se, but rather a method that mediated between the blending of 
modern technology with the physical characteristics of a region that drove regional architectural 
identity. 
 However, Frampton’s description and support for the theory advocated for an inclusion of 
abstraction as one of its main components, which in my opinion paralleled the unpopularity of 
Modernism in many countries when it was first deployed.  Thus, even supporters of the theory 
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highlighted that the absence of identity and meaning in Frampton’s definition, could only be 
provided by cultural influence. 
 Kelbaugh, (2007) countered that an alternate definition with simpler guidelines made 
more sense.  He proposed Five Principles of Critical Regionalism: 
• Sense of Place- the architectural representation of a region’s sense of 
place should reflect an embracing attitude to the peculiarities of such and 
should not be solely a stylistic approach. 
• Sense of Nature- architecture should be seen as a metaphorical 
organism that derives its adaptability, nourishment, growth and ultimate 
decay from the genius loci or encompassing spirit of the place. 
• Sense of History- architects should avoid referencing the history of a 
place for traditional forms or ornamental features and instead focus on 
consistent patterns and typologies for inspiration. 
• Sense of Craft- display substantiality in the physical manifestation of 
architecture through the use of true materials versus the substitution 
offered by representational materials. 
• Sense of Limits- avoid the placement of architecture as if such exists 
within a universal Cartesian grid that ignores the influences offered by 
context and the specific place. 
Moreover, Curtis (1996) highlighted the apparent tension or binary between  
the universal and the local often associated with Frampton’s definition.  In other words, there is an 
apparent superficiality in distilling characteristics of the vernacular as perceived through a 
universal lens and re-presenting these without truly understanding their indigenous provenance or 
performative characteristics.  In his book, Modern Architecture Since 1900 he stated that, 
“modernist architecture is not the rootless phenomenon which it is sometimes made out to be and 
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that it has interacted with the inheritance of several cultures virtually from the beginning”.⁶  To 
support his position, he elaborates on the best architectural work of Indian architects from the 
1980s to the early 1990s. Specifically, he quoted Charles Correa’s need to make ‘transformations’ 
of the ‘deep structures’ of the past rather than just ‘transfers’ of images.⁷ 
 In this discussion, I studied vernacular and critical regionalist approaches to determine if 
a linear progression or interrelationship existed. On the one hand, from my research on 
vernacular design I concluded that primitive lessons on proper orientation, appropriate massing, 
ventilation techniques coupled with opening size should first be analyzed before simply copying 
them.  In like manner, with my introductory review I highlighted how the indiscriminate 
deployment of the International Style, onto the world, as a universal design canon produced 
undesirable results.  Lastly, I added a discussion on theoretical constructs by critical regionalists 
to establish architectural identity with “place” wherein they juxtaposed local materials and regional 
building techniques upon the minimalist forms of Modernism. 
 I used these discussions to frame a final investigation of any deliberate differentiation 
between Modernism and its subsequent characterization as Desert Modernism in the 
southwestern United States. I discuss the chronology of its arrival in my next presupposition. 
2.7  Presupposition 4:  Modernism Morphs into mid-century Desert Modernism. 
 The industrialization that occurred post-World War II in America presented architects with 
unique opportunities and design approaches. Furthermore, the influence of European Modernism 
continued and eventually reached even the most remote of countries.  Thus, before embarking on 
a final discussion of how the movement arrived in the American Southwest, I here again recalled 
  
__________________________________________  
⁶  From Modern Architecture Since 1900 (p. 650), by William J. R. Curtis, 1996, London: Phaidon 
Press Limited. 
 
⁷  From Modern Architecture Since 1900 (p. 650), by William J. R. Curtis, 1996, London: Phaidon 
Press Limited. 
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some the tenets of Modernism, which I deemed integral to my framework: 
 1. The open plan and the free form. 
 2. The architecture sought to reflect the efficiency and simplicity of the   
  machine.  
 3. A strict adherence to a whole-to-parts compositional strategy often   
  referred to as form follows function, and a preference for simple platonic   
  forms. 
It arrived in the high desert of southern California predominantly through two avenues.   
 Of the many European architects who immigrated to America prior to and after World-
War II, possibly those with the largest influence and effect on the American interpretation of 
modernism were:  a) Charles and Henry Greene, b) Irving Gill, c) Rudolf Schindler, d) Richard 
Neutra, e) the Case Study House Program participants and lastly, f) Albert Frey.  And, while the 
work of some of these modernists displayed an adherence to the International Style, I highlighted 
nuances relevant to my study.  
 Many examples of either purist Modernism or regionally-inflected Modernism exhibit an 
interrelationship within (Hines, 2010), an ever-changing continuum.  It is therefore relevant to 
contextualize some basic terminology.  Modern or modernism, according to the Oxford English 
Dictionary derives its meaning from the Latin term “modernus” generally meaning “just now”.  
Hence, one can extrapolate that all architecture at a specific point in history is modern as it 
reflects the period and influences behind it.  The International Encyclopedia of the Social 
Sciences defines “region” as a homogenous area with physical and cultural characteristics 
different from those of a neighboring area.  Desert Modernism’s arrival in the American desert 
southwest, actually began with both stripped down reinterpretations of other styles and the 
subsequent transformation of early Modernism into California Modernism in 1908. In order to 
understand Modernism’s transformation into Desert Modernism, I introduced the work of several 
California-based architects, which became the thread for its arrival in the desert region of Palm 
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Springs. Throughout my subsequent review, I pointed out specific elements and modifications 
that reflected a nuanced approach to the regional characteristics of this high desert region. Thus, 
I commenced with the work of Greene and Greene in California. 
 According to Hines (2010), not unlike the majority of other architectural émigrés who 
arrived in California, the brothers brought with them influences and nuances of an architecture 
heavily aligned with the Arts and Crafts movement, which had its origins in England.  In fact, their 
first bungalows depicted architectural elements and materials commonly found in the Colonial 
saltbox style.  As their careers progressed though, a fascination with the simplicity of unadorned 
Japanese architecture appeared in their work.  It is at this point that superfluous ornamentation 
dropped off and a purity of form became visible in their new designs. In a sense, their work was 
truly modern from the perspective of its lack of ornament and the expression of simplicity in the 
joinery. 
 With their Gamble House, (see Figure 39) the apex of high artisanship and avoidance of 
ornamentation culminated. However, according to Hines (2010) the Arts and Crafts movement 
never derived its direction from the sun or other climatic pressures, yet, here the Greene brothers 
were clearly preoccupied with integrating shade, and protective shelter from the sunny Californian 
climate.  Interestingly, even though the brothers themselves originally hailed from the eastern 
coast of America, Charles Greene made the following observation, “The influx of people from the 
East, brings its own traditions and obliterates impressions left by the fast disappearing landmarks 
of the other race”.⁸  The importance of this statement is in the sensitivity that pointed to  
 
 
 
 
___________________________________________________________ 
⁸ From “Impressions of Some Bungalows and Gardens,” by Charles Sumner Greene, December 
1915, The Architect , Vol. 10, No. 6, (pp. 251-252). 
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       Figure 39.  Protective overhangs. The Gamble House, Pasadena by Greene and  
       Greene, 1908. Photo copyright Carol M. Highsmith. 
       Accessed from https://la.curbed.com/2018/1/3/16846440/pasadena-gamble-house- 
       craftsman-greene-and-greene 
            
the particularities of place as opposed to the universal canon often erroneously tacked onto 
European modernism.  The Greene brothers obviously understood that there was a need to 
create an architecture rooted in place.  The dialogue which favored the creation of regionally 
inflected modern architecture, of a time and place, in these émigrés’ newly adopted home of Los 
Angeles, expanded with the arrival of Irving Gill. 
 Gill, also a subscriber to the ideals of the Arts and Crafts Movement, added yet other 
layers, which interestingly embraced the minimalism and absence of ornamentation that gave rise 
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            Figure 40.  Cloister used as shaded walkways. The Woman’s Club. La Jolla, 1914  
            by Irving J. Gill. Photo copyright Thomas S. Hines.   Accessed from    
            https://www.theclio.com/https://www.theclio.com/web/entry?id=36456 
                 
to the modernist movement in Europe.  According to Hines (2010), his Quaker heritage became 
apparent when the first examples of his work appeared.  He displayed a propensity for basic 
forms and shapes absent any frivolous ornamentation in his composition (see Figure 40) for the 
Woman’s Club. Even though the design displayed the minimalist tenets of Modernism, there were 
heavy references to the mission architecture of southern California but also a preoccupation for 
the inclusion of appropriate shading.  This is evident in the cloisters surrounding the occupied 
spaces.  
 Perhaps his design philosophy, about his quest for minimalism and high sanitation, was 
best embodied in the words of the Reverend Cotton Mather’s regular sermons to the Quaker 
congregation, “let all exorbitances and extravaganzas be rebuked and retrenched in order to 
restore the primitive principles and primitive practices of the founders”.⁹ 
____________________________________________  
⁹ From Architecture of the Sun: Los Angeles Modernism 1900-1970 (p. 66), by Thomas S. Hines, 
2010, New York: Rizzoli International Publications, Inc.  
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Hines (2009), alluded to other forces at work in the formulation of Gill’s creative consciousness.  
For example, his desire for a minimalist design vocabulary suggested that he was also a strong 
adherent to Taylor’s Principles of Scientific Management.   
 Just like Taylor had advocated for simplicity and elimination of unnecessary steps in 
industrial processes to conserve energy and eliminate useless toil and waste, so did Gill when he 
created his restrained designs.  However, it was common knowledge that he had also been 
influenced by exposure to the desert architecture of the Middle-East. 
 During his apprenticeship at Adler and Sullivan’s Chicago office, a colleague shared 
images of Arabic architecture with him.  The simplicity of the forms, and how they protected 
occupants from the harshness of the sun, captivated Gill’s attention and his architecture soon 
reflected a sense of massiveness for the rest of his career.  Gill also found the heavy Native 
American adobe pueblo structures of New Mexico, to be an appropriate protective thermal design 
response for the sunny southern California region. He reinterpreted the massiveness of these two 
different cultures, into simplified and elegant compositions that he felt adequately responded to 
the climatic characteristics of California. 
 Noteworthy are the parallel associations with Adolf Loos’s unornamented architecture in 
Vienna. These possessed an uncanny similarity to that of Gill’s work-an influence that Loos 
readily acknowledged.  Interestingly, two other Viennese architects also had a profound influence 
in the dissemination of modernist architecture throughout California.  
 Rudolf Schindler’s and Richard Neutra’s interest, in coming to America to work with Frank 
Lloyd Wright, was peaked when they saw his work in the Wasmuth Portfolio-a tool he marketed 
extensively in Europe.  Suddenly, the pure, (see Figures 41, 42) unadulterated layouts of the 
Greene brothers’ work and that of Irving Gill exploded and corners were now gone.  Wright 
(Hines, 2010) integrated an unconstrained centrifugal flywheel effect into his floor plans for the 
Pope-Lieghey house, built in 1940, that released interior space in all directions. 
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          Figure 41.  Pinwheel layout releases space in all directions. The Pope-Lieghey house. 
          Falls Church, 1940, Frank Lloyd Wright.  Copyright Frank Lloyd Wright Foundation 
          Accessed from http://wonac.net/pope-leighey-house-floor-plan/pope-leighey-house-floor-             
          plan-inspirational-frank-lloyd-wright-herbert-and-katherine-jacobs-house-madison-usa/    
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          Figure 42.  Spatial release to exterior. Interior of Pope-Leighey house by Frank Lloyd        
          Wright, Falls Church, Virginia, 1940. Photo copyright Paul Burk. Accessed from 
          http://www.woodlawnpopeleighey.org/aboutpope-leighey/ 
 
 Wright connected the architecture with the site and vice-versa. Moreover, the low, 
horizontal-parallel lines of his work and expansive overhangs captured the horizon of the 
boundless prairies magnificently. The arriving modernists did not forget this lesson. Even though 
many critics never truly recognized Wright as a modernist, his lessons shaped Schindler’s design 
consciousness into a more precise and relevant modernist design approach for the California 
region.  Ultimately, Schindler’s desire to develop his personal signature architecture propelled him 
into private practice. 
 Despite his acknowledgement of the machine aesthetic and the use of modern materials, 
he nevertheless was most interested in creating an architecture rooted in place.  Schindler, in 
fact, was able to create a version of modern architecture that was responsive to not only cultural 
and technological conditions, but to climatic driven challenges.  In a similar vein, while Schindler 
was busy with his own California commissions Richard Neutra, another Austrian disciple of 
Modernism, arrived and collaborated with Wright in America.  Although he ingested lessons from 
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the master during this time, his personal design approach was also gestating. It came from not 
only a combination of Viennese architectural influences, but a voracious appetite for reading all 
things related to human health.     
 Neutra expanded his investigation (Neutra, 1989) into all aspects of human health and 
labeled his architectural approach “applied biology or bio-realism”-in essence a proactive design 
approach meant to create built environments that abetted human health.  This lifelong 
predisposition emphasized the weaving together of structure and terrain. The ultimate goal was to 
highlight the inseparable bond between human beings and the natural environment.  In the Lovell 
Health house (see Figures 43, 44), there is tangible evidence that he was a strong proponent of 
Modernism and the principles postulated by the International Style. He clearly incorporated the 
modern materials and technologies that became available to him after the Second World War. 
 
 
                    Figure 43.  Use of abundant glazing within a taut envelope to increase access  
        to daylight. The Lovell Health house, Los Angeles, 1927 by Richard Neutra.  
        Accessed from http://classconnection.s3.amazonaws.com/682/flashcards/ 
        275682/jpg/neutra_lovell1339373637373.jpg 
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                 Figure 44.  Use of hypaethral spaces to connect to the site. The Lovell Health  
                 house veranda, Los Angeles, 1927 by Richard Neutra. Accessed from 
     https://thefemalegaze.org/2016/08/07/medicine-in-modernism-a-case-study-of-the- 
     lovell-health-house/ 
 
 Although confronted with a relatively temperate environment in Los Angeles, he 
nevertheless tried to pay attention to the intense daily effects of the California sun. This became a 
new challenge and one that he was not accustomed to.  Thus, his predilection for the use of 
extensive glass to blend the exterior with the interior required him to develop gravity defying 
overhangs-a signature design feature of Desert Modernism.  These overhangs also allowed him 
to expand the interior of his space as well as the exterior far into the horizon.  He labeled these 
hypaethral spaces. 
 His work was austere and surgically precise yet very much in tune with the International 
Style principles of regularity and taut exterior skins.  However, he attempted to modulate the 
region’s climatic pressures and addressed such through passive strategies-often unsuccessfully.  
His design of the Kaufmann residence in Palm Springs, California is a specific case in point. His 
abundant use of glass on the southern façade in the living room and master bedroom (see Figure 
45) caused the interior of these spaces to overheat from direct gain and conductive heat gain. He 
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ultimately deployed heavy draperies (see Figure 46) to minimize such. A solution that he also 
integrated was direct cross ventilation from north to south by optimizing the prevalent 
northwestern wind currents.  However, in order to induce such flow, he unknowingly had to rely 
on the overheated conditions in these spaces to create this movement.  In fairness, though, 
Neutra correctly employed the use of opaque walls (see Figure 45) that run north to south to 
minimize direct gain from the westward orientation in the late afternoon hours. 
 
  
Figure 45.  Heavy use of glass in living room and master bedroom cause overheating. The 
Kaufmann Residence by Richard Neutra, 1946, Palm Springs, California. Accessed from 
http://www.architectureweek.com/cgibin/awimage?dir=2006/1213&article=classic_home.html&im
age=13318_image_2.jpg 
Unprotected glazing 
caused overheating 
Fins and opaque 
walls to protect from 
hot winds and late 
afternoon insolation 
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Figure 46.  Use of heavy drapes to minimize overheating. The Kaufmann Residence by Richard 
Neutra, 1946, Palm Springs, California. Copyright photograph by Julius Shulman. Accessed from 
https://www.pinterest.com/pin/176203404149807748/07.223.2017 
 
 Neutra and a relatively cohesive group of European modernists, along with a strong 
assemblage of American disciples, clearly advanced the arrival and evolution of Modernism in the 
American southwest. The newly available cache of materials and technologies that they used, 
along with the necessity to quickly produce affordable housing for the returning war veterans 
changed the direction of American single-family housing.  
 The architects of the Case Study House program delivered an alternate response to the 
needs of the post-World War II building boom. In 1945, seven months short of achieving peace, 
John Entenza author of the immensely popular Arts and Architecture magazine presented a 
challenge to a grouping of architects in the form of speculative commissions for low-cost 
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experimental modern home prototypes.  He, himself stepped up as one of the first homeowners.  
For the most part, he presented parcels of land to the architects and they themselves created the 
building program oftentimes for fictitious occupants. Many of these were never realized. 
 According to McCoy (1977) the magazine in all actuality presented a picture of the period 
emerging in 1940s America: A time that espoused a strong social conscience and the idealism 
and puritanism of the Depression years.  The architecture, through its simple and elegant forms 
reflected an aura of efficiency and service rather than one of heroics.  
 The earliest examples of these modern prototypes came to realization through a 
combination of Entenza’s own funds and his unwavering requests for donations from the 
manufacturers responsible for the development of new materials and technologies.  The new 
materials and techniques, some of which had their start in support of the war effort, were soon 
appropriated to meet the housing shortage. New plastics made transparency a reality, while 
advancements in welding technologies facilitated the use of steel. Making connections between 
steel sections a thing of elegance in tectonics soon became a fixation for a few of the Case Study 
House architects.  However, scant references were made to rooting the architecture to place. 
According to Smith (2010), the spirit behind these houses served as a model for reductive yet 
experimental modes of residential design and construction.  
 Of note, again, is that the designs closely aligned with the spirit of Modernism and 
particularly the International Style.  An affinity for large expanses of glass, evolved into movable 
full height bi-passing partitions.  These led directly to the exterior to reflect a relaxed indoor-
outdoor relationship and echoed the open plan initiatives espoused by early modernists. In 
summary, according to Smith (2009) the ideals of the program represented a convergence of 
historical, economic, technological, social and cultural factors unique to a place and time-Los 
Angeles in the 1950s. 
 The program’s reach extended north beyond the temperate climate of Los Angeles. 
Although this modern architectural idiom continued to influence practitioners subscribing to 
 
 
67 
 
California Modernism, a small grouping of these architects eventually demonstrated some 
preoccupation with issues of regional relevance, particularly regarding adequate responses to the 
sunny and warm climate prevalent in desert regions of southern California. 
 The architects of these houses endeavored to maintain the modern architectural idiom 
while enhancing the thermal comfort of the occupants.  In some of the homes, a concern with 
proper orientation to minimize heat gain and integration of passive heating became evident. In 
other residences, the use of roof ponds, radiant heating, extensive overhangs, and derivations of 
Corbusier’s brise-soleil in the form of sun control louvers were incorporated.  Then again, the 
majority of the home designs mostly represented efficiency and an industrial idiom unseen 
elsewhere over and above issues of sustainability. Delicate diaphanous membranes that 
enclosed the structural elements best characterized the architecture. 
 Neutra, who authored Case Study House No. 6 (see Figure 47), maintained his interest in 
modifying environments to support occupant health and comfort.  In this project, for a fictitious 
site, Neutra incorporated deep overhangs to shield occupants from the intense California sun.  He 
also integrated heavier masonry walls on the north facing façades to minimize heat loss during 
the diurnal temperature fluctuations common to the area. 
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     Figure 47. Overhangs in place to shield glass from sun.  Case Study House No. 6 (unbuilt),       
     Richard Neutra, 1945. Adapted from Case Study Houses by Elizabeth A. T. Smith, Taschen 
 
 Nevertheless, his early designs mostly lacked a proper understanding of the intense heat 
gain/heat loss prevalent in the American southwest particularly southern California due to his 
predilection for large expanses of glass. He conquered the challenges presented by the 
temperate climate of Los Angeles through these simple passive interventions, but working in the 
hot-arid region of Palm Springs was another story.  The Case Study House program also 
influenced other developments in the southern areas of California.  In my review of the Desert 
Modernism historiography, the first instance was attributed to Rudolf Schindler. 
 His 1922 commission for a modern summer cabin for Mr. and Mrs. Popinoe in California’s 
Coachella Valley offered the first glimpses of how he addressed the demands (see Figure 48) of 
the intense desert heat and sunlight.  According to Ho Park, Kyu-Lee and Ho Cho (2007), the 
preliminary floor plan sketch illustrated how Schindler integrated a deliberate combination of 
opaque and limited amounts of glazed walls with overhangs to deal with the intense climatic 
pressures.  Schindler’s placement of the living area at the center of the house provided a 
protected and self-contained environment-a desert responsive design strategy.  The north-south 
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section and east elevation (see Figure 49) exemplified how Schindler attempted to deal with the 
harsh environment of California’s High Desert.  The east oriented elevation has limited glazing 
under a semi-protective overhang, trellises, and the introduction of bounced natural light through 
overhang protected clerestory windows. 
 
Figure 48. Overhangs surround the house to shield from intense desert sun. Floor plan sketch of 
Popinoe residence, 1922, Coachella Valley by Rudolf Schindler. Image by Jin-Ho Park, Hong-Kyu 
Lee, Young-Sun Joo and Young-Ho Cho, Architectural Research, Vol. 9 No. 2 (December 2007), 
pp. 11-18. 
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Figure 49. Limited use of glass on east elevation and clerestory glazing protected by roof 
overhangs. Elevation and section sketches of Popinoe residence, 1922, Coachella Valley by 
Rudolf Schindler. Image by Jin-Ho Park, Hong-Kyu Lee, Young-Sun Joo and Young-Ho Cho, 
Architectural Research, Vol. 9 No. 2 (December 2007), pp. 11-18.1922, Coachella Valley, Rudolf 
Schindler  
 
 Ho-Park, Kyu-Lee and Ho-Cho (2007), stated that Schindler had learned much from his 
observations of Taos Pueblo architecture in New Mexico, particularly his perception on how the 
use of adobe bricks mitigated heat transfer.  In the cabin, however, he mimicked the thermal 
mass of adobe with thicker walls constructed of 2 x 6 wood studs in order to introduce more 
insulation.  
 These lessons were not lost on Schindler. In 1946, he had another opportunity to develop 
a climate responsive modernist house for Marian Toole, in Palm Village, California, just south of 
Palm Springs.  The strategies that he had initiated at the Popinoe residence were further refined 
here.  As the reader may note upon reviewing the site plan and elevations (see Figures 50 and 
51), Schindler employed heavy masonry walls along the western orientation to mitigate the solar 
heat load.  He complemented this tactic with deep overhangs to account for the lower sun angles 
during the afternoon hours. 
 Schindler succeeded in inflecting a modernist design with climate mitigation strategies. 
The connection between the exterior and interior (see Figure 52) was sensitively maintained 
through the deep overhangs, and even glare was reduced. 
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Figure 50.  Deployment of heavy masonry to minimize heat gain. The Marian Toole Desert House 
by Rudolph Schindler, 1946, Palm Village, California. Copyright R. M. Schindler papers, 
Architecture and Design Collection. Art, Design and Architecture Museum: University of California 
Santa Barbara. Accessed from https://thermschindlerlist.blogspot.com/p/la-1940s.html 
 
 
Figure 51.  Use of deep overhangs to protect glazing. The Marian Toole Desert House by 
Rudolph Schindler, 1946, Palm Village, California. Copyright R. M. Schindler papers, Architecture 
and Design Collection. Art, Design and Architecture Museum: University of California Santa 
Barbara. Accessed from https://thermschindlerlist.blogspot.com/p/la-1940s.html 
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Figure 52.  Protected transition between the exterior and interior. The Marian Toole Desert House 
by Rudolph Schindler, 1946, Palm Village, California. Copyright R. M. Schindler papers, 
Architecture and Design Collection. Art, Design and Architecture Museum: University of California 
Santa Barbara. Accessed from https://thermschindlerlist.blogspot.com/p/la-1940s.html 
 
 At roughly the same time that Neutra and Schindler were working in California’s high 
desert, other European modernists descended on this desert region.  The Swiss architect Albert 
Frey evolved European Modernism into Desert Modernism in Palm Springs. Ironically, this hot 
desert region became a choice destination and weekend playground for movie stars and all sorts 
of wealthy and influential adventurers.   
 The laissez-faire attitude somehow coupled well with the minimalist and elegant forms of 
the newfound architecture-an interesting counterpoint to the ideological aspirations of European 
Modernism.  The newly arrived rich patrons predominantly adopted this approach to architecture. 
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The term Desert Modernism, in fact, has little or nothing to do with regional design.  It is rather a 
loose categorization of an architecture associated with an easy-going attitude at a specific time 
and place in Southern California.  
 Nevertheless, not unlike the early work of other modernists now working in California, 
Frey formerly a disciple of Le Corbusier early on produced machine-like compositions, which sat 
atop the land and not within the land.  It is not surprising then, that his earlier work on the east 
coast of America possessed a strong similarity to European modernism.  Yet Albert Frey 
recognized (Rosa, 1990) that his approach to producing architecture in Palm Springs, with 
temperatures which sometimes hovered above the 110° Fahrenheit mark during the daytime and 
then experienced a temperature drop of between 30° to 40° at night could not be the same.  He 
quickly understood that he had to address issues of heat gain and loss.  Frey, early on tried to 
make sense of building in such a harsh environment and looked to the vernacular architecture 
(see Figure 53) for lessons.  He determined that inclusion of protected outdoor spaces was a 
relevant response to living in such a stressed environment.  Frey (1939) indicated that sheltering 
occupants (see Figure 54) from the intense desert sun and heat was in fact a primary role for 
architecture in these environments. 
 
 
Figure 53. Balance between indoor and outdoor rooms in the structure of Indian dwellings 
Adapted from In Search of a Living Architecture by Albert Frey. Copyright 1939.   
 
 In fact, Frey’s San Jacinto Hotel (see Figure 55), possibly demonstrated some of his early 
preoccupations regarding the need for protective sheltering.  As one of his first projects in Palm 
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Springs, there was evidence of experimentation with hybridization between extant adobe and 
clay-tile Mexican architecture and Modernism. In this example, there is a deliberate attempt to 
shade the glass and reconcile the massiveness of the southwestern architecture with his 
modernist professional education in Europe. 
 
 
 
Figure 54. Shelter is the purpose for a building in the desert 
Adapted from In Search of a Living Architecture by Albert Frey. Copyright 1939. 
 
Figure 55. Hybrid architecture-glazing protected with clay tile roof overhangs. The San Jacinto 
Hotel, Palm Springs, California 1922, by Albert Frey. Accessed from 
https://www.pinterest.com/pin/60657926207432736/11.29.2018 
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 Thus, in keeping with the modernist approach of “breaking out of the box” and his first 
radical departure from his hybridization experimentation, he attempted to reduce direct solar heat 
gain by extending volumes beyond other enclosed building volumes. His first instance beyond 
this experimentation is the Kocher-Samson Insurance building (see Figure 56) which exemplified 
the aforesaid break-up of the plan and massing of the building. The mixed-use building was 
comprised of a two level solution. The ground floor served as the business use with residential 
accommodations for the owner on the upper level. 
 
   Figure 56.  Volumetric extension to shield glass. The Kocher-Samson Building, 
   Palm Springs, California, 1934, by Albert Frey. Copyright Palm                       
   Springs Historical Society. Accessed from  
   http://www.cosmicinspirocloud.com/post/169358850788/albert-frey-with-a-        
               lawrencekocher-entrance 
 
 Here one begins to see the introduction of large expanses of glass into the main façade-
another visible element of Modernist architecture, which supported the open plan and free form 
and penchant for functionalist composition.  However, when the building was in the design 
 
 
76 
 
process Frey already cognizant of the challenges posed by the rigors of the Palm Springs desert 
climate, responded by shading the glass. 
 A demonstration of this understanding is how the extrusion of the upper mass over the 
ground floor effectively serves as shade for the glazing. Moreover, Frey also restrained himself 
from creating a glass box possibly due in large part to the still nascent air-conditioning 
technologies in 1934 when the building was completed.  What is bewildering though is how Frey 
along with many from the group of architects who came to be known as Desert Modernists 
subsequently ignored these earlier lessons of creating architecture in the challenging climate of 
the region. When the Frey House I was built in 1940, he incorporated copious amounts of glass 
seemingly without an ample understanding of both direct solar heat gain and conductive heat 
gain. 
 In fairness though, his architecture began to manifest observable differences in how he 
protected large expanses of glass. A central concern that Frey had alluded to was how to resolve 
the dichotomy between the ruggedness of the desert landscape and his desire for a precise 
modernist architecture.  Keeping in mind his need to shelter occupants from the climate, he also 
(see Figure 57) discovered an opportunity to frame the expanse of the desert with precise frames.  
He was determined to maintain the openness espoused in the principles of the open plan and 
free form, yet he was able to delimit the expansive nature of this environment. 
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      Figure 57. Framing the expansiveness of the desert. Adapted from In Search of a Living         
      Architecture by Albert Frey. Copyright 1939. 
 
 In his interpretation at the Frey House I, Wright’s heavier overhangs transformed into thin 
and elegant roof planes magnified to a point where they essentially became a sombrilla or fragile 
parasol. Walls became planes flying (see Figures 58 and 59) out into the boundless horizon of 
the desert to guard against the intensity of the lower angles of the sun on the eastern and 
western orientations. 
 
 
 
78 
 
 
             Figure 58. Extension of roof and wall planes to protect glass during solar declination 
 angles. The Frey House I, 1940, Palm Springs, California by Albert Frey. 
 Accessed from https://en.wikiarquitectura.com/building/frey-house/ 
 
 This possible attests to some influence from the flywheel-like plans of Frank Lloyd 
Wright’s architecture.  However, somehow connecting to the limitless expanses of the desert by 
emphasizing the flying wall planes and hovering roof somehow seemed even more powerful than 
the prairie landscapes that Wright acknowledged. 
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          Figure 59. Connection between interior and exterior. Interior of Frey House I  
       1940, Palm Springs, California by Albert Frey. Accessed from 
       https://en.wikiarquitectura.com/building/frey-house/ 
 
 Frey also sought a stronger understanding of what it meant to design in the desert.  He 
incorporated highly reflective corrugated metal skins onto the exterior walls of this, his first 
personal home, also in Palm Springs.  The importance of these early attempts at integrating a 
regional response onto the modernist idiom is the central theme of this dissertation.  In my final 
presupposition, I highlighted the characteristics of the Sonoran Desert in attempt to redefine the 
Desert Modernism misnomer.  
 2.8  Presupposition 5:  Recalibrating Desert Modernism through 
characteristics of place. 
 According to Bone (2014), some early modernist architects actually attempted to regulate 
interior thermal comfort conditions before the advent of mechanical equipment. 
Some of their passive strategies included roof overhangs, sunscreens, layered façades and 
incorporation of appropriately landscaped areas. However, Rifkind (2014) countered that a 
leitmotif of Modernism was the ability to master nature.  This was most prevalent in the built 
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International Style structures.  Architects and owners in hot-arid regions were confronted with two 
divergent paths: on the one hand, we saw altruistic attempts at creating a climatically responsive 
modernist architecture and on the other a complete disregard for the characteristics of these 
climatically stressed regions. 
 For instance, plenty examples of glazed and hermetically sealed envelopes conditioned 
by refrigerated cooling systems sprang up. However, very few examples demonstrated a clear 
understanding of the climatic specificity of these regions.  
 Incongruously, the Olgyay brothers had produced a significant amount of research to 
redress appropriate climatic responses, and even created a case study for the Phoenix area.  
Barber (2014), stated that the Olgyays had not been outliers in a modernist milieu that was 
consumed by new forms, advanced materials or social transformative agenda, but rather deeply 
engaged in addressing research to make modernist design more relevant to the challenges of the 
rapid globalization that took place during the post-World War II period. Why then did their 
message fall into obscurity? 
 According to Barber (2014), their message although not completely ignored, mostly fell 
upon deaf ears as a result of its misalignment with the rapid ascendancy of technological 
advancements and the affordability of heating, ventilation and air conditioning equipment.  The 
need to alleviate climatic impacts on building occupants through passive strategies became 
somewhat irrelevant.  In addition, the transfer of insulation technologies from refrigeration to 
building applications was yet another disruptor.  
 Moe (2014), associated the transfer of the “insulation apparatus” with regressions in 
architectural engagement and agency.  He referenced the first instance of the transfer of 
insulation technology into buildings in the first edition of the 1932 version of Architectural Graphic 
(see Figure 60) Standards represented by an insulated panel: Oddly akin to the large scale 
insulated metal panel façades of refrigeration structures for the preservation of food.  The 
hermetically sealed buildings, in essence, became large-scale refrigerators. Ironically, the caption 
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under the image directly identified the technology as not yet permitted for use in buildings.  This 
bounded separation according to Moe (2014), is but one characterization of the modernist faith in 
conquering nature. 
 
 Figure 60. First instance of integration of metal faced insulation panels into buildings 
 systems. Adapted from Insulating Modernism: Isolated and Non-Isolated 
 Thermodynamics in Architecture by Kiel Moe. Image: Ramsey and Sleeper, Architectural 
 Graphic Standards for Architects, Engineers, Builders and Draftsmen, 1932. 
 
 Instead, he proposed a transient boundary wherein the building actively interacts with the 
environment.  In other words, the deliberate design of an envelope such that it responds to the 
climate in terms of heat absorption and release of energy as opposed to establishing a sealed 
boundary. I will discuss approaches to this concept with my proposed desert morphology in the 
Results and Discussion section of the study. Thence, to rebalance the narrative on Modernism’s 
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technological determinism, architects need to gain a proper understanding of each specific desert 
region.   
 The properties of the Sonoran desert climate are intense solar radiation, low humidity and 
clear skies. However, even within this large region there are micro-climates.  Since my study is 
delimited to the Phoenix metropolitan area there are other characteristics that require deeper 
analysis.  For example, the diurnal temperature drops that we normally experience in most desert 
climates range between 20-35° Fahrenheit during the nighttime.  This is not entirely the case in 
Phoenix.  Therefore, the use of thick walls or thermal mass to create heat transfer time lags into 
the interior of the space are not entirely effective.   
 I demonstrated how cyclical heat transfer into the interior space occurs through 
simulation in my Results sections.   This phenomenon is a specific example of why an 
appropriation of the thick walls found in the ancient vernacular architecture of the region is 
misguided. 
 In fact, Rosenlund (1995) highlighted such mistaken preconceptions and rejected these 
outright through comprehensive case study research in the deserts of Northern Africa. He 
contended that architects often look to traditional buildings for responses to climatic pressures 
when in fact these structures may have only addressed one or two aspects of the climatic zone.  
According to Rosenlund (1995), structures that incorporate heavy thermal mass on the exterior of 
walls, in desert regions that do experience the aforesaid diurnal changes, are often cold in the 
wintertime as well.  This has to do with the heat transfer lag into the interior.  In this specific 
circumstance, the passive heating strategy would instead maximize such heavy masses on the 
inside with the sun charging them through fenestration.  The exterior envelope would actually 
perform better with appropriate levels of insulation. 
 Instead of relying on mistaken replications of vernacular architecture, Rosenlund (1995) 
suggested the use of a “Triangular Spiral” (see Figure 61) for passive building design.  This is 
comprised of: a) acquisition of climatic zone meteorological data, b) parametric modelling and,  
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c) creation of experimental buildings to test assumptions or measurement and verification of 
completed buildings.  Therefore, in concordance with Olgyay’s (2015) recommendations in order 
of priority below, and my own empirical observations the following five factors predominantly drive 
the simulation and analysis behind this study: 
 
         Figure 61. The ‘Triangular Spiral’. Adapted from Design for Desert: An Architect’s  
         Approach to Passive Climatisation in Hot and Arid Regions, 1995 by Hans   
         Rosenlund. 
 
1. Direct short-wave radiation heat transfer from the sun; 
2. Diffuse short-wave radiation heat transfer from the sky vault; 
3. Reflected short-wave radiation heat transfer from the surrounding terrain; 
4. Long-wave radiation heat transfer from the heated ground and nearby objects; 
5. Outgoing long-wave radiation heat exchange from building to sky. 
For the most part, the first four are characteristics of the area of study analyzed in this 
dissertation and to a lesser extent the last one as the micro-climate prevents such exchanges.  
Nevertheless, these highlight Golany’s (1983) statement, “More than any other of the many types 
of climate, the stressed or extreme climate is complicated to deal with; it is harsh, subject to 
diurnal amplitudes in temperature and generally uncomfortable for humans. Much of the design 
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introduced recently in those regions is simply an importation with little or no adjustment to the 
local unique conditions.” ¹⁰   I operationalized my study through the following approach. 
 2.9  Synopsis of Literature Review 
 By using a historical-interpretative research strategy, I narrowed the discussion on 
Modernism to a singular branch that came to be known as Desert Modernism. As I illustrated 
through several examples, Modernism in fact branched out in many directions because of 
different forces. I provided supporting evidence with the early Warchovik modernist house, in 
Brazil, to disavow the general criticism that modernists solely focused on technological 
determinism. This, despite the influence of industrialization and efficient management techniques 
used in the production of other products during the same period. In that example, I highlighted the 
fact that the architect had adhered to a minimalist language, yet had attuned the architecture to 
the characteristics of a climate challenged environment. 
 I subsequently selected two aspects of Modernism, the free form and open plan, and 
used these design concepts as an infrastructure or chassis with which to explore vernacular and 
regional inflections.  Moreover, I provided a quick summary of such explorations with Schindler’s 
desert houses.  I provided conclusive evidence of the feasibility of this approach through virtual 
simulation and energy modeling in my Methodology section.  I focused the final part of my 
literature review on final explorations by Frey in his first house. I operationalized the research 
problem with my hypotheses, and supported it with three case studies. 
 
 
 
 
____________________________________________  
¹⁰ From Design for Arid Regions (p. 66), by G. S. Golany, 1983, New York: Van Nostrand and 
Reinhold Company, Inc. 
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 2.10   Operational Statement of the Research Problem  
 
 To redress the universal application of a technologically deterministic machine-like design 
approach, that incorporates the open plan and free form attributed to Modernism, I developed a 
passive design Desert Modernist architectural framework informed by characteristics of place, 
namely:  (a) climate responsiveness, (b) use of natural light, and (c) a desert-derived morphology. 
I used the operational definition of morphology that describes the study of the changing structure 
of an architectural form and its formation in response to the specific characteristics and conditions 
of a region as the catalyst.  I integrated three-dimensional virtual modeling and energy simulation 
software, as research strategies, to improve the climate responsiveness of the architecture and to 
inform the composition of the architecture in response to the Sonoran Desert’s specificity of 
place.   
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3.0  Methodology 
 3.1  Procedure 
 The framework used for this study was a mixed-methods qualitative/quantitative 
approach, wherein I incorporated interpretive-historical research, virtual modeling and energy 
simulation supported by heat transfer calculations. Through the first one, interpretive-historical 
research, I introduced two existing case studies of Desert Modernist architecture.  In these, I 
illustrated the architects’ early attempts at sustainable adjustments to modernist architecture. The 
first example is Albert Frey’s House II in Palm Springs, California and the second one is The 
Triad Apartments, a Case Study project, in Phoenix, Arizona by Alfred Beadle. Lastly, I 
encapsulated the lessons learned from the first two case studies into my third case study, the 
Analemma House. I designed this home with additional features and further tuned Modernism to 
the hot-arid region of Phoenix.  
 I subsequently employed virtual modeling and energy transfer simulation as a 
quantitative research tactic and elaborated on the region-specific bioclimatic behavior of the three 
case studies. The first phase of the procedure required the construction of virtual models of the 
two existing examples of Desert Modernism, as originally designed and built, using SketchUp, 
version 2017 modeling software.  I then used the Integrated Environmental Solutions Virtual 
Environment (IES VE, version 2017) software for energy modeling.  This software platform also 
required the construction of a virtual model with actual dimensions, definition of its exterior 
envelope assemblies, and geo-location within the climate zone.     
 Through its graphical interface, I illustrated exterior envelope behavior for twenty-four 
hours during June 21st, recognized as the summer solstice or longest day of the year.  I recorded 
the results of a baseline (as-built) condition to illustrate the available design acumen and 
technology when the structure came to realization.  
 I then modified the building systems of the baseline model conditions for the two existing 
case studies with improvements to exterior envelope components and repeated the simulation.  
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Through this endeavor, I demonstrated exterior building energy transfer differences based upon 
improvements. In order to triangulate and allow for future replication of the research, I developed 
mathematical heat transfer and air infiltration calculations through glazed and opaque façade 
components including the roof plane using MicroSoft Excel 2016 software.  
 To illustrate the location specific climatic characteristics pertinent to this study, I 
determined that it was necessary to understand the impact of solar radiation and its effects on 
increased heat gain, particularly in modernist structures. For opaque surfaces such as the 
facades and the roof, I determined outside temperatures to be higher by an amount equal to the 
effects of solar radiation plus other atmospheric conditions.  Thus, I replaced the ambient 
temperature in the standard heat transfer equation (see Equation 1) by the sol-air temperature 
(see Equations 2 and 3) leading to a revised heat transfer calculation. In essence, sol-air 
temperature represents an equivalent outdoor temperature value that includes incident solar 
radiation, radiant energy exchange with the sky and surrounding outdoor environment, and air-to-
air temperature exchange (ASHRAE 26.3), which effectively yields a higher surface temperature 
due to the combined effects of outdoor temperature and absorbed solar radiation in accordance 
to specific materials. This interplay of all atmospheric conditions, specifically in Phoenix, Arizona 
ultimately resulted in higher surface temperatures of materials and exacerbated heat transfer. 
             Qwall = U · As · (Toutside - Tinside)          (1) 
Qwall =                  heat flow through wall 
U =                        overall heat transfer coefficient 
As =                       total surface area under consideration, ft² 
Toutside =             ambient temperature, °F 
Tinside =               thermostat set point inside, °F 
 
 
        Qwall = U · As · (Tsol-air - Tinside)           (2) 
Qwall =                  heat flow through wall 
U =                        overall heat transfer coefficient 
As =                       total surface area under consideration, ft² 
Tsol-air =               sol-air temperature, °F 
Tinside =                thermostat set point inside, °F 
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        tₑ  =  tₒ  +  αIt/hₒ - ЄΔR/hₒ                  (3)                                           
       
  
te = sol-air temperature 
α =  absorptance of surface of solar radiation  
It  = total solar radiation incident on surface, Btu/(h · ft²) 
hₒ = coefficient of heat transfer by long-wave radiation and 
convection at outer surface, Btu/(h · ft² °F)  
tₒ  = outdoor air temperature, °F   
Є  =  hemispherical emittance of surface  
ΔR = difference between long-wave radiation incident on 
surface from sky and surroundings and radiation 
emitted by blackbody at outdoor air  
temperature, Btu/(h · ft²)   
 
 I then examined conductive heat transfer through glazed surfaces not under direct solar 
gain with the standard (see Equation 4) heat transfer equation.  For glazed areas experiencing 
direct heat gain (see Equation 5) I modified the calculation method and used the total surface 
irradiance, for the location under review. This was comprised of surface direct irradiance, diffuse 
irradiance and ground reflected irradiance. In addition, I integrated the spectral properties (solar 
heat gain coefficients) from the Lawrence Berkeley National 
        Qglass = U · Ag · (Toutside - Tinside)                                  (4) 
         Qglass =  heat flow through glass 
         U =  centerline of glass heat transfer coefficient 
         Ag =  total surface area under consideration, ft² 
         Toutside =  outdoor air temperature, °F 
         Tinside =  thermostat set point inside, °F 
 
 
 
       Qglass = Ag · SHGC · Et                        (5) 
         Qglass =  heat flow through glass 
         SHGC =  solar heat gain coefficient 
         Et =  total surface irradiance 
          
Laboratory (LBNL) Window version 7.6 software window library for single pane glass (see Table 
1) for the baseline condition in the two existing case studies and insulated glass (see Table 2) for 
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the improved construction condition for all three case studies.  Air infiltration also became an 
important consideration in my study. 
Table 1 
Glazing System Angular Properties for Single Pane Glass (non-thermally broken frames) 
 
Solar 
altitude 
0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 
SHGC 0.861 0.860 0.859 0.855 0.847 0.827 0.781 0.669 0.420 0.000 
 
Adapted from Windows and Daylighting, Windows Version 7.6. Copyright 2019 by Lawrence 
Berkeley National Laboratory 
   
Table 2 
Glazing System Angular Properties for Insulated Pane Glass (thermally broken frames) 
 
Solar 
altitude 
0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 
SHGC 0.431 0.434 0.429 0.422 0.412 0.394 0.352 0.270 0.142 0.000 
 
Adapted from Windows and Daylighting, Windows Version 7.6. Copyright 2019 by Lawrence 
Berkeley National Laboratory 
 
 I considered air infiltration characteristics based on empirical observation of early 
construction techniques that resulted in leaky conditions thereby allowing hot air infiltration to the 
inside.  For the calculations, I utilized the basic LBNL model (Equation 6) developed by Sherman 
and Grimsrud (1980).   
   V  = Aleak as ΔT + aw v² /          (6) 
   Aleak -  effective leakage area (ELA) of building in cm² 
   as -  stack coefficient  
   ΔT -  indoor-outdoor temperature difference 
   aw -  wind coefficient 
   v -  wind speed 
   L/s- liters per second  
 
 Lastly, to continue the discussion on the interrelationship between the vernacular and 
modernism, particularly the use of thermal mass as a primary heat mitigating barrier in the 
Phoenix area, I simulated heat transfer thermal lag through several different wall sections using 
 
 
90 
 
the Opaque, version 3.0 software developed by the UCLA Department of Architecture and Urban 
Design. I proposed a region appropriate wall section composition and described it in the Results 
section. 
 In the first part of my methodology section, I presented imagery for the historical-
interpretive analysis of existing conditions, for the two existing case studies. These included 
archival research of construction documents, photography and site visits to the projects to verify 
accuracy of the existing documentation.  The following is a pictorial summary and observations of 
existing conditions.  I described actual envelope performance and heat transfer conditions in my 
Discussion section. 
 3.2  Historical-Interpretive Analysis    
  3.2.1  Case Study Number One:  Albert Frey House II (built in 1966) 
 I chose the Frey House II as it demonstrated a close adherence to the modernist design 
principles of the open plan and free form.  Many critics also consider it as a strong example of 
Desert Modernism. I highlighted these in the introduction and literature review sections.  The 
introduction of this modernist artifact into a hot and arid region posed strong challenges for Albert 
Frey. Although Frey had acknowledged that the harsh desert environment of Palm Springs 
required reckoning with through his Kocher-Sampson building, I was perplexed at how he along 
with many of the other Desert Modernists subsequently ignored these earlier climatic lessons. In 
the floor plan and images (see Figures 62, 63, 64 and 65) one can note the copious amounts of      
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  Figure 62.  Copious amounts of single pane glazing on north, south and east orientations. The      
  Frey House II, Palm Springs, California, by Albert Frey, 1966. Image rights: Palm Springs        
  Museum of Architecture and Design 
 
 
 
      Figure 63.  Larger ratio of glass to opaque walls. The The Frey House II, Palm Springs,        
      California, by Albert Frey, 1966. Image created with REVIT software by Ed Soltero 
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Figure 64.  View of large amounts of glazing on the eastern and southern orientations  
          of the The Frey House II, Palm Springs, Calfornia, 1966. by Albert Frey. Image rights:           
         Julius Shulman. Accessed from https://library-artstor org.ezproxy1.lib.asu.edu/#/asset/ 
         AGETTYIG_10313543766;prevRouteTS=1549660887940;iap=true 
 
 
 
 
                         Figure 65.  View towards surrounding environs. The Frey House II 
                         Palm Springs, California, 1966, by Albert Frey. Image rights: Julius 
             Shulman. Accessed from https://library-artstor- org.ezproxy1.lib. 
             asu.edu/#/asset/AGETTYIG_10313548006;prevRouteTS= 
             1549661179221;iap=true 
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glazing incorporated between a very light steel infrastructure and thin opaque wall infills.  Despite 
its diminutive size of only 849 square feet, the penchant for the “liberating” approach of the 
architecture is ably demonstrated by the generous window-to-wall ratio of 58% glass-to-opaque 
wall respectively. This modernist architect demonstrated his proclivity for simultaneity through the 
spectacular views available from his house.  
 Through energy modeling simulation, I illustrated the consequences of this design 
decision in my Discussion section. Nevertheless, Frey did attempt to mitigate some of these 
negative effects particularly during the summer months.  Archival research indicated that he and 
his business partner spent approximately eleven months on the site tracking solar angles and 
shading footprints with a steel pole.  The differences in the dimensions of his roof overhangs offer 
empirical evidence of his rudimentary research.    
 The overhang on the eastern elevation is six feet deep where a high concentration (see 
Figure 66) of glazing was incorporated as opposed to four feet on the western side where an 
opaque wall exists.  The other subtle sustainable design gesture was the sloped roof towards 
(see Figure 67) the southern elevation, which maintained the views yet cut off some of the heat 
gain from the high solar incidence angles experienced in the summer. 
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   Figure 66.  View towards deepest roof overhang on eastern façade. The Frey  
               House II, Palm Springs, California, 1966 by Albert Frey. Image rights:  Ed Soltero 
 
 
 
               Figure 67.  View of the sloped overhang on southern façade. The Frey House II,  
               Palm Springs, California, 1966 by Albert Frey. Image rights:  Ed Soltero 
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 The high ratios of glass utilization and use of highly conductive steel materials which 
were incorporated into the construction of the house belied a comprehensive understanding of 
the particularities of place.  During my visit, on October 2017, I documented (see Figure 68) the 
extensive solar penetration at 1 p.m.  I presented the effects of these design decions in my 
Discussion section.  Whether this was attributed to a lack of knowledge on how to assemble a 
building envelope that would respond to the climatic challenges over a preference for the 
aesthetic composition is a central argument of this dissertation study.  
 Using SketchUp software, I recreated the structure, geo-located it and simulated the solar 
penetration for specific dates and hours to illustrate the aforementioned.  Although he minimized 
 
                       Figure 68. Solar penetration into interior living area during October. 
                       The Frey House II, Palm Springs, California, 1966 by Albert Frey.  
                       Image rights:  Ed Soltero 
 
 
96 
 
the direct solar (see Figures 69 and 70) gain with the overhangs during the hot summer months 
and increased solar penetration during the cold months, he failed to address the minimal  
 
Figure 69. Minimal direct solar penetration during summer solstice at 11:30 a.m. 
Image created with SketchUp software by Ed Soltero 
 
Figure 70.  Heavy solar penetration during winter solstice at 9:30 a.m. 
Image created with SketchUp software by Ed Soltero 
                    
Appropriately 
oriented and varying 
overhang depths to 
address solar angles 
Deep solar 
penetration due 
to large expanses 
of glass 
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insulation value of the glazed assemblies that resulted in high levels of conductive heat gain and 
heat loss. 
 This deep solar penetration even in the winter months will often result in period of 
occupant discomfort due to the heavy amount of heat gain and glare. By contrast, there was no 
evidence that Frey incorporated thermal mass. In simple terms, he failed to use specific materials 
in the interior of the structure that could absorb the energy from the low angle solar rays and 
gradually reradiate such into the interior during the evening hours.  He could have accomplished 
this with thick interior concrete walls or exposed concrete slabs, which receive the sun’s direct 
heat during the daytime and slowly releases it after sunset to maintain occupant thermal comfort.  
A design approach often described as passive heating due to the thermal lag or memory of the 
material used.  This possibly explained why Frey incorporated electric-powered radiant heat 
panels into the design from the onset.   
 Interestingly, when the Frey House II was built in 1963, air-conditioning technology was 
quite advanced. Review of archival construction drawings along with a site visit attest to the 
incorporation of a refrigeration-based system for summer cooling comfort.  His use of copious 
amounts of glass necessitated a heavier reliance on such interventions.  Another key observation 
that I made during my site visit and review of archival documents was Frey’s lack of 
understanding of thermal bridges as illustrated (see Figures 71 and 72) in the cross section and 
detail view. 
 Although thermal bridging is a comprehensive topic onto itself, I made brief mention of it 
to emphasize the necessity to address these during the design process. With such thermal bridge 
conditions, even heavily insulated buildings loose up to 40% of their effective insulating value due 
to conductive heat gain and loss at this junctures.  These bridges result in instantaneous cooling 
and heating loads due to breaches in the envelope.  Many modernist structures exhibit this 
condition often due to a desire to express an uninterrupted structural system. 
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 Figure 71.  Thermal bridges through steel infrastructure framing. The Frey House II, Palm     
 Springs, California, 1966 by Albert Frey. Image rights:  Palm Springs Museum of Architecture    
 and Design 
 
 
 
 
 
 
 
 
 
 
 
No decoupling between column, beam and roof plane 
materials, exposed to elements, results in thermal bridge 
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  Figure 72. Frey House II-exterior column thermal bridging condition 
              Image rights:  Palm Springs Museum of Architecture and Design 
 With this case study, I illustrated how Frey incorporated the expansive roof plane to 
minimize insolation on the abundant amounts of glazing.  I discussed the impacts of this decision 
through modeling and simulation results later.  As I demonstrated in my Discussion section, I 
determined that the appropriately dimensioned and oriented roof plane as a shading device is 
integral to a redefined Desert Modernism. In my second case study, I highlighted a second 
necessary desert responsive design strategy. 
   3.2.2  Case Study Number Two:  The Triad Apartments (built in 1962) 
 The second project I investigated was The Triad apartment complex designed and built 
by renowned local architect Al Beadle.  The complex is comprised of three apartment units and is 
the only example of the Case Study House/Apartment program built in Phoenix.  Ironically, Al 
Structural column exposed to 
elements resulting in thermal bridge 
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Beadle was commissioned for this project by John Entenza through the innovative modernist 
themed program with a charge to build such in Redlands, California.  As I indicated previously in 
the literature review section of this study, many of these projects had no real clients and 
oftentimes sites only became available at a moment’s notice.  Moreover, architects won many of 
these commissions through design competitions.  The fact that he ultimately materialized it in 
Phoenix with a questionable selection of exterior envelope materials highlights the desire for a 
modernist compositional approach over that of responsiveness to the nuances of place.  
However, critics also consider it an example of Desert Modernism. 
 Nevertheless, in the spirit of fairness it appears that the architect had some 
understanding of the climatic challenges of the place. He exhibited this through the arrangement 
of the complex with mostly opaque walls on the east, south and west orientations.  He created a 
linear courtyard (see Figure 73) and arranged the three apartments around it. And, where large 
 
 
        Figure 73.  East-facing façade of the Triad Apartments. Image rights: Modern Phoenix      
        Accessed from http://modernphoenix.net/beadlearchive/triad.htm 
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expanses of glass were incorporated, an attempt at shielding such from the intense solar 
insolation experienced in Phoenix was incorporated.  The simple Lucite fabric roof shade 
highlighted the fact that Beadle understood that he needed to fine-tune the architecture. 
 The floor plan (see Figure 74) depicts the initial design for the Triad apartment complex 
as intended when Al Beadle received the commission.  Original archival drawings indicate that he 
organized the complex with a larger, linear courtyard flanked by smaller orthogonal spaces 
forming reentrant courtyards.  I reconstructed the floor plan based on observation (see Figure 75) 
as it was not built as noted in the original construction documents. 
 
 
 Figure 74.  The Triad Apartments original floor plan layout depicting H-shaped individual units 
 Image rights:  Special Collections, Arizona State University. Reprinted by permission from the 
 Beadle Family. 
Small interior courtyards, typical at each unit “H” shaped apartment units 
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 Figure 75.  The Triad Apartments as built floor plan with squared individual units 
             Image created with REVIT software by Ed Soltero    
 Asides from the change in materials, the original layout also differed when he built the 
project.  Instead of the H-shaped design of the individual units, he converted these to simple 
boxes.  Apparently, this was a decision made in support of increasing the marketability of the 
individual units, as they would now offer more livable area.  I was unable to confirm the exact 
detailed internal layout of these but determined that the relevance of such was unimportant with 
respect to heat gain calculations. 
 What is unclear is why he changed the material composition of the exterior wall system 
from insulated wood-framed construction, and multiple sheathing materials, to uninsulated 
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lightweight concrete block.  Some of the published literature on the project alluded to economic 
demands in terms of cost of materials and increased marketability.  Moreover, the change in 
construction type may have taken place due to the increased simplification and speed of 
constructing with concrete block rather than any specific climatic response improvements. 
 What appeared relevant about this case study is the proximity of the volumes within the 
overall organization of the complex.  Using historical-interpretive research analogies I conjectured 
that this modernist designer had attempted to mimic the density and proximity found in the 
planning of many desert cities.  These techniques have been utilized for hundreds of years to 
create shaded walking areas. These also shade the adjacent buildings thereby reducing heat 
gain through the façades. 
   This was a lesson I discerned from analysis of the architecture of buildings located 
approximately along the same latitude line as Phoenix.  The layout of Beni-Isguen-Ghardaia, 
Algeria (see Figure 76) reflects this simple concept.  Through a deliberate design approach the 
architects of antiquity established effective passively cooled, shaded corridors. I therefore inferred 
that here was another vernacular lesson that could be used to modulate Desert Modernism. Once 
again, I recreated the complex (see Figure 77) using SketchUp software to illustrate the proximity 
of the volumes in relationship to each other.  Furthermore, I also created an image that depicts 
how Beadle used the Lucite shade fabric (see Figure 78) to mitigate some of the direct solar gain. 
 Again, through interpretive-historical research, I extrapolated a second lesson integral to 
the redefinition of Desert Modernism-that of planning the architectural components with proximity 
to achieve self-shading.  Next, I provided an overview of climatic conditions for each case study, 
construction assemblies both baseline and improved in preparation for modeling and simulation, 
and presentation of the thermal zone models prepared with the IES VE energy modeling 
software. 
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Figure 76.  Aerial view of planning density and proximity in Beni-Isguen-Ghardaia, Algeria  
      Image rights: George Steinmetz. Accessed from https://www.google.com/search?q= 
      beni+isguen+ghardaia+algeria. 
 
 
 
Figure 77.   Aerial view of volume massing at The Triad Apartments 
Image created with SketchUp software by Ed Soltero 
Volumes of three 
apartment units 
organized around              
a linear courtyard 
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Figure 78.  Lucite fabric providing partial shading over courtyard oriented glazing 
Image created with SketchUp software by Ed Soltero                
 3.3  Measures 
 The baseline construction assemblies (see Table 3) for the Frey House itemize the 
individual components of its multi-layered construction.  Review of archival documentation of the 
wall sections (see Figure 79) revealed the use of a steel tube section framing system for the walls 
infilled with wood stud framing and batt insulation. Frey used a simple framing system for the roof 
infrastructure (see Figure 80) comprised of steel beams with perforated metal panels for the 
ceiling assembly.  The first energy simulation for this case study was prepared with these building 
assemblies.  I subsequently improved the construction assemblies (see Table 4) by decreasing 
conductance values or simply stated higher insulation values of specific building assemblies.  I 
then prepared a subsequent energy model analysis using the IES VE software. 
 
 
 
Glazing oriented 
inward towards 
courtyard to 
minimize heat 
gain 
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 Figure 79.  Frey House II-exterior wall section 
 Image rights:  Palm Springs Museum of Architecture and Design 
 
 
 
 
 
 
 
 
 
 
Construction of exterior 
envelope assemblies 
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Figure 80.  Frey House II-thermal bridges 
Image rights:  Palm Springs Museum of Architecture and Design 
 
 
 
 
 
 
 
 
 
 
  
Thermal bridges where 
steel is exposed to exterior 
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Table 3 
 
Frey House II, Baseline Construction Systems based on archival record drawings 
Case Study Number One:  Frey House II 
 
 
Building 
construction  
Material 
composition 
R-Value Total R-Value/U-Value 
Exterior wall 
assembly 
   
 Outside air film 0.25  
 3-1/2” thick R-19 
foil-faced 
insulation in wall 
cavity 
11  
 2-1/2” x 1/8” thick 
V-groove steel 
panels on exterior 
face 
.062  
 1/2” gypsum 
board on interior 
face 
0.563  
 Inside air film 0.68 12.55 (U-Value: .080) 
Roof assembly    
 Outside air film 0.25  
 2-1/2” x 1/8” thick 
V-groove  
roof steel panels  
.062  
 8” steel wide-
flange beams 
  
 8” thick batt foil-
faced insulation 
within the roof 
cavity  
25  
 Perforated steel 
ceiling panels 
.062  
 Inside air film 0.68 26 (U-Value: .038) 
Glazing (incl. 
inside/outside 
air films) 
Aluminum frame 
sliding doors with 
single pane 
glazing 
 
 
 
1.87 (U-Value: 0.53) 
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Table 4 
 
Frey House II, Thermally Improved Construction Systems 
Case Study Number One:  Frey House II 
 
 
Building 
construction  
Material 
composition 
R-Value Total R-Value/U-Value 
Exterior wall 
assembly 
   
 Outside air film 0.25  
 2” thick, sprayed 
closed cell foam 
insulation in wall 
cavity 
14  
 2-1/2” x 1/8” 
insulated V-
groove steel 
panels on exterior 
face 
12.29  
 5/8” gypsum 
board on interior 
face 
0.563  
 Inside air film 0.68 28 (U-Value: .036) 
Roof assembly    
 Outside air film 0.25  
 2-1/2” x 1/8” 
insulated V-
groove roof steel 
panels  
20.33  
 8” steel wide-
flange beams 
  
 8” thick batt foil-
faced insulation 
within the roof 
cavity 
25  
 Perforated steel 
ceiling panels 
.062  
 Inside air film 0.68 46 (U-Value: .022) 
Glazing (incl. 
inside/outside 
air films) 
Aluminum frame 
sliding doors with 
insulated glazing 
 4.26 (U-Value: 0.24) 
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 I summarized the climatic parameters (see Tables 5 and 6) for this case study gleaning 
TMY3 data from the Palm Springs International Airport which is the nearest weather station.  I 
inputed this information into the IES VE software. The construction of a thermal model was 
Table 5            Table 6 
 
Frey House II, Location data for          Frey House II, TMY3 weather data for 
Palm Springs, CA                            Palm Springs, CA 
             
          
Note. Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 
by Integrated Environmental Solutions, Ltd.        
 
produced with the same software. In the virtual model (see Figure 81), I illustrated the thermal 
zones under consideration for the simulation session.  The blue colored volumes are thermal 
zones that incorporate the construction data summarized in the tables, and glazing was depicted 
as a transparent plane whereas the green plane depicts a shade structure with no thermal 
characteristics.  I elaborated on the latter in the Discussions section. 
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     Figure 81.  Thermal zones of Frey House II. Generated with IES Virtual Environment VE  
     2017 software by Ed Soltero.  Copyright 2017 by Integrated Environmental Solutions, Ltd.  
 
 I repeated the process for the second case study.  The baseline construction data and 
improved construction data (see Tables 7 and 8) is itemized, and incorporated into the thermal 
model, along with inclusion of respective climatic (see Tables 9 and 10) characteristics. I  
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Table 7 
 
The Triad Apartments, Baseline Construction Systems based on archival record drawings 
Case Study Number Two:  The Triad Apartments  
Building 
construction  
Material 
composition 
R-Value Total R-Value/U-Value 
Exterior wall 
assembly 
   
 Outside air film 0.25  
 8” thick concrete 
block, normal 
weight 
 
1.11  
Inside air film Inside air film 0.68 2.04 (U-Value: 0.49) 
Roof assembly    
 Outside air film 0.25  
 ½” thick plywood 
sheathing 
0.625  
 Two ply built up 
roofing 
0.333  
 4” thick batt 
insulation within 
the roof cavity  
11  
 ½” thick gypsum 
board ceiling 
0.45  
 Inside air film 0.68 13.33 (U-Value: .075) 
Glazing (incl. 
inside/outside 
air films) 
Single pane 
glazing in 
aluminum 
storefront framing 
1.06 1.06 (U-Value: 0.94) 
 
replicated the process used on first case study and constructed a thermal (see Figure 82) model 
to illustrate the characteristics of the architecture.  In my final case study, I developed a fictitious 
project and named it the Analemma House. 
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Table 8 
 
The Triad Apartments, Thermally Improved Construction Systems 
Case Study Number Two:  The Triad Apartments  
Building 
construction  
Material 
composition 
R-Value Total R-Value/U-Value 
Exterior wall 
assembly 
   
 Outside air film 0.25  
 8” thick concrete 
block, normal 
weight with 
insulation inserts 
 
5.83  
 Inside air film 0.68 6.76 (U-Value: 0.15) 
Roof assembly    
 Outside air film 0.25  
 ½” thick plywood 
sheathing 
0.625  
 Two ply built up 
roofing 
0.333  
 3” thick sprayed 
closed cell foam 
insulation within 
the roof cavity  
21  
 ½” thick gypsum 
board ceiling 
0.45  
 Inside air film 0.68 23.34 (U-Value: .042) 
Glazing (incl. 
inside/outside 
air films) 
Insulated glazing 
in thermally 
broken aluminum 
storefront framing 
 4.26 (U-Value: 0.24) 
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Table 9                 Table 10 
 
The Triad Apartments         The Triad Apartments 
Location Data for Phoenix, Arizona                    TMY3 Weather Data for Phoenix, Arizona 
 
        
 
Note. Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 
by Integrated Environmental Solutions, Ltd. 
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                  Figure 82.  Thermal Zones for The Triad Apartments. Generated with IES Virtual    
      Environment VE 2017 software by Ed Soltero.  Copyright 2017 by Integrated        
                  Environmental Solutions, Ltd. 
 
 The definition for analemma is essentially a graduated scale in the shape of an hourglass 
that depicts solar declination angles. I was inspired to design some of the elements of the house 
based on solar declination angles in Phoenix.  Moreover, I also oriented the modernist house 
contrary to passive design planning principles to emphasize how one can counteract some of the 
climatic impacts in Phoenix.  
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 3.4  Building upon Case Precedents 
  3.4.1  Case Study Three:  The Analemma House (designed in 2018, unbuilt) 
 With this case study, I incorporated the modernist principles of the open plan (see Figure 
83) and free form, although I strategically located some building elements in response to the 
harsh climatic conditions.  Furthermore, I not only introduced a thermally neutral hovering roof 
plane (see Figure 84) to shade the house during most of the intense solar gain hours, but also 
 
 Figure 83.  The Analemma House floor plan 
             Image created with REVIT software by Ed Soltero 
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introduced a shading scrim (see Figure 85) on the western orientation.  The dimensional 
characteristics of this plane vary in response to solar angles from 2 p.m. until sunset and thereby 
limit (see Figure 86) solar penetration until late in the day.  
 
      Figure 84.   Birdseye view towards northeast-Analemma House.  
      Image created with SketchUp software by Ed Soltero     
 
       Figure 85.   View towards vertical shading scrim at western façade-Analemma House 
       Image created with SketchUp software by Ed Soltero.  
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      Figure 86.   Controlled solar penetration into kitchen/dining area. 
      Image created with SketchUp software by Ed Soltero. 
 To replicate the simulation and energy modeling process of the existing case studies, I 
developed construction data assemblies (see Tables 11, 12 and 13), albeit in direct response to 
the climatic challenges.  The strategy behind this thought process was meant to highlight how 
specific adjustments to the building envelope could uphold the modernist principles of the open 
plan and free form yet result in increased occupant comfort and reduced energy consumption.  
Moreover, the placement of elements such as the vertical shade fins on the western façade were 
meant to control solar penetration so as to mimic the contrasting light patterns that one finds in 
the crevices of the mountainous areas of the Sonoran Desert. 
 Akin to the previous two case studies, I also constructed a thermal (see Figure 87) model 
of the Analemma House.  Of specific note on the model are the compound hovering roof plane 
and vertical fins depicted in green color that have no thermal attributes. 
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Table 11 
 
The Analemma House, Thermally Improved Construction Systems 
Case Study Number Three:  The Analemma House  
Building 
construction  
Material 
composition 
R-Value Total R-Value/U-Value 
Exterior wall 
assembly 
   
 Outside air film 0.25  
 2” thick 
sandstone veneer 
 
0.09  
 5/8” thick exterior 
gypsum 
sheathing 
1.06  
 2” thick, sprayed 
closed cell foam 
insulation 
between steel 
studs 
11.54  
 2” airspace 0.87  
 5/8” thick gypsum 
board 
.563  
 Inside air film 0.68 15.05 (U-Value: .066) 
Roof assembly    
 Outside air film 0.25  
 Two-ply built up 
roofing 
0.33  
 5/8” thick exterior 
gypsum 
sheathing 
1.06  
 6” thick, sprayed 
closed cell foam 
insulation within 
the roof cavity  
34.62  
 6” airspace 0.87  
 5/8” thick gypsum 
board ceiling 
0.563  
 Inside air film 0.68 38.37 (U-Value: .026) 
Glazing Insulated glass in 
thermally broken 
frames 
 3.84 (U-Value: 0.26) 
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Table 12                 Table 13 
 
The Analemma House         The Analemma House 
Location Data for Phoenix, Arizona                    TMY3 Weather Data for Phoenix, Arizona 
 
        
 
Note. Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 
by Integrated Environmental Solutions, Ltd. 
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Figure 87.  Thermal Zones for the Analemma House. Generated with IES Virtual          
Environment VE 2017 software by Ed Soltero.  Copyright 2017 by Integrated Environmental 
Solutions, Ltd. 
  
 3.5  Decision-making criteria for acceptance or rejection of the hypothesis 
 Based on my academic research and professional expertise in the design of sustainable 
architecture, I have determined that certain criteria is indispensable to the definition of the 
proposed design framework.  My reliance on quantitative analysis of existing structures and 
subsequent exterior building system improvements yielded replicable data that can inform 
sustainable modernist design in the desert.  For example, I simulated the heat transfer 
characteristics of the first case study.  I based the initial simulation for a hot summer day in 
Phoenix on the original construction comprised of exterior walls built with a simple framing 
system, batt insulation and gypsum sheathing. I followed with improvements to the construction 
and re-simulated to compare results. 
 Through a comparison of two sets of data, based on an identical period, I reduced heat 
transfer as one supporting study.  Based on the positive results, I determined that my hypotheses 
was viable and felt confident that my dissertation would yield a good point of departure for a 
redefined Desert Modernism. Lastly, I also established replicability for the research process via 
the combination of virtual energy simulation and mathematical calculation evaluation. 
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4.0  Results 
  In this study, I first examined two examples of existing architecture widely recognized as 
Desert Modernism, through the lens of responsiveness to the characteristics of the desert. I 
specifically refer to the extreme temperature ranges of hot-arid regions, the intensity of light and 
contrast, along with the landscape features.   With my final case study, I appropriated two key 
features of modernist architecture, the free form and open plan as a starting point.  I 
subsequently adjusted the planning, materiality and openness of the architecture in direct 
response to the aforementioned properties of the desert. Through iterative optimization, I yielded 
favorable reductions in heat energy transfer and developed architectural massing that addresses 
both the mountainous landscape and seemingly endless horizon of the desert.   
  In the associated findings, I first presented the results of energy modeling through 
simulations.  I then added quantitative analysis and results based on regional climatic 
characteristics and their impact on the architecture for each specific case study.  I then followed 
with a discussion on daylight in the desert and ultimately addressed all variables in my 
hypothesis through a proposed desert morphology.  I hypothesized that a design framework 
informed by:  (a) mitigation of heat transfer through the exterior envelope, (b) use of daylight to 
inform the architectural massing and to reduce energy consumption, and (c) development of a 
morphology tuned to the Sonoran Desert, delimited to the Phoenix metropolitan area, represents 
an opportunity to create an architecture rooted in place. 
 4.1 Statement of Major Supposition and Associated Findings 
  4.1.1  Honing Desert Modernism to the Sonoran Desert through 
  Passive Design Strategies-The Frey House II 
 
 With my introduction and literature review, I presented a brief survey of Modernism. I also 
highlighted how the movement propagated throughout the world and highlighted early attempts to 
adjust the architecture to the specific locations.  To narrow the study to the Southwestern United 
States, it seemed appropriate to study Desert Modernism to understand, what if any adjustments 
architects made to modernist architecture, in response to this hot and arid region.  Based on my 
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observations of many examples of Desert Modernist architecture, I determined that there existed 
an opportunity to further hone the architecture.  In the following discussion, I revealed the results 
of this analysis. 
 In my investigation (see Figure 88) of the Frey House II, I simulated the summer solstice 
at 9 a.m. and illustrated the small amount of solar penetration into the house through the 
southeastern corner.  The small sliver of sunlight that entered through the glass storefront was 
highlighted by the red outline. Frey increased the depth of the overhang (see Figures 89 and 90) 
to six feet at this orientation to compensate for the higher solar angles from mid-day onwards.  
From roughly 10 a.m. and into the early afternoon there is minimal to no direct solar gain.  Frey 
correctly estimated solar penetration with his aforementioned rudimentary empirical observations 
using the flagpole.  As one may observe there was virtually no solar ray penetration on the 
summer solstice from noon to early afternoon other than the reflected light from the surrounding 
environs.  
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Figure  88.  Minimal solar penetration during the summer solstice at 9 a.m.-Frey House II 
Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 by 
Integrated Environmental Solutions, Ltd. 
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Figure 89.  Elimination of direct solar gain during the summer solstice at noon-Frey House II. 
Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 by 
Integrated Environmental Solutions, Ltd. 
 
 What he failed to understand, however, were the significant amounts of conductive heat 
gain that took place due to the large amounts of glass used in the house.  I presented the results 
of this scenario using mathematical calculations in subsequent analyses. 
 By contrast, the lower solar angles of incidence penetrated deep into the living areas (see 
Figures 91 and 92) of the home during the winter solstice at 9 a.m. and at noon.   Although this 
may have proven comforting to the occupants, unfortunately the heat was lost quickly due to the 
large quantities of glass with inadequate thermal qualities, and the lightly insulated building 
envelope. 
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Figure 90.  Side view depicting elimination of direct solar penetration during the summer solstice 
at noon-Frey House II. Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  
Copyright 2017 by Integrated Environmental Solutions, Ltd. 
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Figure 91.  Solar penetration during the winter solstice at 9 a.m.-Frey House II. 
Generated with IES Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 by 
Integrated Environmental Solutions, Ltd. 
 
 Nevertheless, despite these shortcomings, the continued insolation into the interior of the 
structure up until approximately 3 p.m. exemplified how Frey attempted to marry his open 
planning concept with thermal improvements.  Even though he had installed radiant heating 
ceiling panels, he somewhat compensated for occupant comfort through a passive design 
strategy.  
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Figure 92.  Solar penetration during winter solstice at noon-Frey House II. Generated with IES 
Virtual Environment VE 2017 software by Ed Soltero.  Copyright 2017 by Integrated 
Environmental Solutions, Ltd. 
 
 Frey could have held onto some of the heat generated by the sun’s rays, for a longer 
period of time thereby extending occupant comfort, through the introduction of exposed interior 
thermal masses. Unfortunately, he covered the concrete floor slab with a shag carpet material, a 
finish which was prevalent during this period.  This prevented the absorption of heat energy that 
could have reradiated into the interior throughout the course of the day.  In the next simulations, I 
highlighted yet another important consideration in the planning of  Desert Modernism. I also 
portrayed some of the shortcomings of reliance on the roof plane as the only logical solution to 
adjusting the architecture. 
 The first image (see Figure 93) depicted the amount of solar ray penetration without the 
horizontal shading device, once again during the summer solstice.  Even without the roof plane, 
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Frey was successful in limiting direct gain by simply sloping the mass of the building towards the 
south at an angle. Here, he also demonstrated that he understood the high summer solar angles.  
Therefore, I felt that it was important to note that the manipulation of the physical architectural 
form was also an important factor in the development of my design framework.  Frey’s exhaustive 
observations of shadow patterns through his flagpole studies revealed this to him.  Nevertheless,  
 
         Figure 93.  Minimal solar penetration at noon during summer solstice without roof  
         plane-Frey House II. Generated with IES Virtual Environment VE 2017 software by  
         Ed Soltero.  Copyright 2017 by Integrated Environmental Solutions, Ltd. 
  
despite his iterative analyses on site, it appears that he was unable or perhaps unwilling to 
compromise on the expansive views from within the space and created another condition that 
needs to be addressed in desert regions, particularly during the hot summer months. 
 To illustrate this point, I prepared additional simulations, also during the summer solstice, 
for the late afternoon. With these images (see Figures 94 and 95), I showed Frey’s inability to 
resolve declining solar angle penetration during the latter part of the afternoon-typically the 
hottest part of the day.  I simulated this condition first without the shading device and then with it. 
Even with the horizontal shading device, I exemplified how a significant amount of direct solar 
insolation took place.  The results of this condition are extensive heat gain due to late 
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         Figure 94.  Solar penetration at 4:30 p.m. during summer solstice without roof plane-Frey           
         House II. Generated with IES Virtual Environment VE 2017 software by Ed Soltero.    
         Copyright 2017 by Integrated Environmental Solutions, Ltd. 
                 
 
 
         Figure 95.  Solar penetration at 4:30 p.m. during summer solstice with roof plane-Frey           
         House II. Generated with IES Virtual Environment VE 2017 software by Ed Soltero.    
         Copyright 2017 by Integrated Environmental Solutions, Ltd. 
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afternoon direct solar penetration.  I proposed a solution to this condition with my last case study.  
I studied the results of direct gain using the energy simulation software. With the IES VE 
software, I estimated annual direct solar heat gain with and without the shading element. In other 
words, this is the heat again attributed to exposure to the sun’s rays. 
 First, I determined the gain using the baseline construction characteristics of the home 
without the overhang in place to isolate the impact of shade on the architecture.  The peak load in 
June, highlighted by the red line, at a dry-bulb temperature (see Figure 96) of approximately 
112°F was in the range of 25,000 btuh.  However, peak loads averaging 45,000 btuh during the 
winter months, noted by the green line, were relatively high even for moderate temperatures in 
the 60° F range. This was a result of solar rays being closer to perpendicular on the glass 
surface. 
 By contrast, with the overhang in place and using the same construction assemblies, I 
reduced the peak load during June (see Figure 97) to the 18,000 btuh range, as denoted by the 
green line marker, or an approximate heat gain reduction of 30%.  In like manner, undesirable 
winter heat gain was reduced to under 30,000 btuh or roughly 33%. 
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             Figure 96.  Solar heat gain without overhang-Frey House II. Generated with  
             IES Virtual Environment VE 2017 software by Ed Soltero.   Copyright 2017  
             by Integrated Environmental Solutions, Ltd. 
 
 
             Figure 97.  Solar heat gain with overhang-Frey House II. Generated with  
             IES Virtual Environment VE 2017 software by Ed Soltero.   Copyright 2017  
             by Integrated Environmental Solutions, Ltd. 
 
 
 The simulation data proved that the horizontal shading element is indispensable in the 
lexicon of Desert Modernism.  Having illustrated the importance of minimizing direct gain through 
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passive elements such as deep overhangs, I next turned my attention to minimizing the 
conduction of heat energy through the exterior envelope composition.   Heat transfer due to 
conductive gain occurs due to a combination of temperature differentials between the inside and 
outside of the structure and the thermal resistivity of the envelope materials.  
 The thermal performance of many of the structures, particularly indigenous architecture in 
hot-arid regions, before the advent of multiple-layered construction relied on mass or thick walls 
and roofs.  In simple terms, the designers from antiquity slowed down the transfer of heat energy 
to the interior by this thickness. This is a concept known as thermal lag.  However, with the arrival 
of modern methods of construction, design professionals adopted the layering system.  Thus, 
since the Frey House II represents this modern method of construction I deemed it necessary to 
perform conduction or energy transfer simulations.   
 In the first simulation, I once again used the baseline construction assemblies.  The 
conductive heat transfer (see Figure 98) in the summer months averaged 22,000 btuh.  I 
established a thermostat set point of 72°F for the interior and I attributed this gain to the low 
thermal resistance of the sandwiched building assemblies and the high temperature differentials 
between interior and exterior. 
 By contrast, the winter months revealed ranges between 54,000 to 56,000 btuh (see 
Figure 98) which are more than twice that of the summer months.  These reversed heat gain 
curbs signified heat loss from the interior to the outside.  Oftentimes, designers working in desert 
regions fail to understand that high conductivity through the building envelope results in 
exacerbated heat gain when it is not desired in the summer months.  Conversely, this same 
condition results in heat loss at night. This scenario results in the need for mechanical heating in 
hot-arid regions that experience higher diurnal temperature swings. Therefore, the energy 
penalties were doubled. 
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Figure 98.  External conduction gains-baseline construction-Frey House II. Generated with IES 
Virtual Environment VE 2017 software by Ed Soltero. Copyright 2017 by Integrated   
Environmental Solutions, Ltd. 
 
 
 
 
 
Figure 99.  External conduction gains-improved construction-Frey House II. Generated with IES 
Virtual Environment VE 2017 software by Ed Soltero. Copyright 2017 by Integrated 
Environmental Solutions, Ltd. 
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 In my subsequent simulation, I generated admirable reductions in energy transfer.  
During the summer months, ranges were near 11,000 btuh (see Figure 99) and around the 
29,000 btuh mark for the cooler months.  I accomplished this by improving the thermal resistance 
of the composite building envelope. Although the building envelope composition is a somewhat 
less visible component of Desert Modernist work, it is a very significant one.  In fact, I must note 
that many recent examples of this work attempt to mimic the envelopes of existing vernacular 
architecture. 
 I have observed many recent instances, in the Phoenix area, that used thick or massive 
exterior walls without truly understanding the characteristics of thermal lag combined with paper-
thin, improperly insulated roof structures.  Such design approaches display a lack of a basic 
understanding of thermodynamics.  
 First, the vernacular use of massive walls reinterpreted in the form of thick concrete walls, 
for example, do not perform correctly in all hot-arid regions because of the modified micro-climate 
of some metropolitan areas.  For example, in the metropolitan Phoenix area, the man-made heat 
island effect traps heat energy and effectively prevents this desert region from cooling down at 
night. In essence, there is minimal to no heat exchange with the sky, unlike that which is 
experienced in other desert climates with diurnal temperature swings. 
 Therefore, the thermal mass functions like a capacitor in an electrical circuit.  It stores a 
charge as current flows through it and discharges when needed to supplement current flow or 
voltage drops.  The point of the matter is the charging and discharging function.  Therefore, if one 
employs this metaphor, a wall will charge up with solar energy and gradually transfer or discharge 
this heat to the interior of the building, which is typically cooler during the summer time.  In 
Phoenix for example, the high temperatures and lack of significant diurnal swings, result in a 
constant transfer of energy to the interior around the clock during the hot summer months. To 
validate the software results, I prepared mathematical calculations for the summer solstice.    
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 Using a quantitative calculation method, I revealed the impacts of such a condition in 
terms of increased heat gain.  In the following calculations, I first calculated the sol-air 
temperature for the Frey House II and revealed how the higher building surface temperatures in 
Palm Springs, California exacerbated heat transfer. 
 I determined the temperatures for all façade orientations and the roof plane.  Solar 
exposure on horizontal surfaces was considerably higher than on facades. As the reader may 
note (see Figure 100), the surface temperature on the roof reached approximately (see Appendix 
A) 265.88° F at noon.  The other notable measurements are for the western face of the building.  
At 4 p.m. the graphic chart depicts the temperature on the western façade hovering at around 
199°F.  It is important to note, that designers must account for sol-air temperatures in hot-arid 
regions by carefully selecting materials with reduced absorption characteristics and lighter colors.  
The corrugated metal cladding and dark colors used in the Frey House II increased these surface 
temperatures considerably.    
  
 
Figure 100.  Sol-Air temperatures for Frey House II. Generated with Microsoft Office Excel 2016 
software by Ed Soltero. 
                   
 
 As a direct result of these higher temperatures the amount of heat transfer through the 
envelope was higher.  Even though the Frey House II has a diminutive footprint and small roof 
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plane, a considerable amount of heat transfer (see Figure 101), approximately 5,909 btuh 
depicted by the green line (see Appendix D) occurs through the roof at noon.  Other energy 
penalties and occupant discomfort that are often experienced in modernist architecture are the 
direct result of the copious amounts of glazing that are incorporated and low performing exterior 
envelopes.   
 
Figure 101.  Hourly heat gains for Frey House II-Baseline construction. Generated with Microsoft 
Office Excel 2016 software by Ed Soltero. 
          
 The high window-to-wall ratio of 58% also presented negative consequences in terms of 
heat energy transfer into the interior of the house.  At approximately 3 to 4 p.m. roughly (see 
Figure 101) 15,000 btuh of heat energy (see Appendix B) transferred through the south facing 
glazing to the inside as depicted by the red line.  Ironically, this was not a result of direct solar 
gain striking the glass but that of conductive heat gain through the window assembly.  With the 
extreme sol-air temperatures, at that time of day, the energy easily breached the glazed envelope 
due to its low insulation value of approximately R-1.87. 
 Another important modernist design issue that I analyzed was air infiltration through the 
glazed building assemblies and the opaque portions of the envelope.  Due to the integration of 
multi-layered construction in roof and wall planes, a significant amount of potential air infiltration 
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breaches were also introduced. Based on my physical observations of the construction of the 
building envelope I proved, through mathematical calculations, that the Frey House II had 
considerable air infiltration breaches. 
 
 Figure 102.  Hourly air infiltration rates for Frey House II-Baseline construction 
 Generated with Microsoft Office Excel 2016 software by Ed Soltero. 
                 
 In fact, the overall infiltration rate resulted in approximately 1.21 air changes per hour 
(ACH), which effectively meant that the entire interior volume of air was voided at that rate, albeit 
replaced with warmer temperature air from the outside during the summer. This breach through 
the envelope creates occupant discomfort, instantaneous cooling loads and high-energy 
consumption.  The highest breaches resulted (see Figure 102 and Appendix B) through the 
curtain walls with effective rates of approximately 236.74 cubic meters per hour of air exchange. 
Therefore, to remedy some of the aforementioned conditions, I improved the performance of the 
envelope assemblies as itemized in Table 4, and repeated the heat transfer calculations. 
 I maintained the aesthetic characteristics of the exterior envelope cladding materials but 
replaced them with improved insulation and tightened the construction of the exterior envelope.  
This action resulted in a reduced noontime heat transfer (see Figure 103) of 3,421 btuh (see 
Appendix E) or approximately 42% less through the roof assembly from 5,909 btuh with the 
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baseline construction.  On the south facing glazing assembly, I reduced conductive heat gain 
from 14,894 btuh (see Figure 97 and Appendix D) to 13,324 btuh (see Figure 103 and Appendix 
E) which equates to a net reduction of approximately 10.5%.   
 
  Figure 103.  Hourly heat gains for Frey House II-Improved construction. Generated with 
  Microsoft Office Excel 2016 software by Ed Soltero. 
                      
 Concerning air infiltration, I likewise improved the weather tightness of the envelope and 
incorporated insulated glass windows and curtain walls.  I reduced the ACH to .38 or the 
equivalent of less than one-half of the interior air volume exchanged on an hourly basis. This 
simple tactic reduced the energy transferred and the energy required to cool the air from 146,379 
btuh (see Appendix D) for a 24 hour period to 46,812 btuh due to reduced amounts of infiltration 
(see Appendix E) for the same amount of time.  Thus, the improvements yielded a 68% reduction 
in energy needed to cool the interior volume from an air infiltration perspective. On the curtain 
walls, for example, infiltration was reduced (see Figure 104) to below 80 cubic meters per hour. 
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   Figure 104.  Hourly air infiltration rates for Frey House II-Improved construction. Generated with    
   Microsoft Office Excel 2016 software by Ed Soltero. 
            
 In summary, I used the Frey House II case study to demonstrate the importance of 
incorporating an appropriately oriented and sized roof plane to shade vertical elements and 
therefore minimize direct heat gain. This is particularly important in hot-arid regions where there is 
a higher percentage of cooling degree-days over heating degree-days.  Moreover, I also 
established that it was possible to maintain the open plan and free form yet reduce heat energy 
transfer through the same amounts of glazing by using higher performance glazing systems and 
tightened construction assemblies, which is accomplished with appropriate craftsmanship and 
envelope commissioning.  Nevertheless, as I noted with my building assembly itemization (Tables 
3, 4) even high performance glazing will never equate the insulation values of a moderately 
insulated opaque wall.  Therefore, when planning desert modernist architecture one must 
carefully balance window-to-wall ratios. 
 In my second case study, the Triad apartments, I conducted experimentation on another 
apparent passive design concept as a further addition to the Desert Modernism framework.  The 
concept of proximity between adjacent masses, a passive design planning technique used in 
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many Middle-Eastern countries to minimize direct gain, seemed plausible in the massing of the 
complex.  
  4.1.2  Honing Desert Modernism to the Sonoran Desert through 
  Passive Design Strategies-The Triad Apartments 
 
 I sought to analyze the effectiveness of passive self-shading from what upon preliminary 
observation on site, and study of the planning layouts seemed to be a deliberate integration of 
this ancient design strategy. Once again, using the IES VE simulation engine, I produced images 
(see Figures 105 and 106) on June 21st at 1:53 p.m. and 3:37 p.m.  I illustrated how the overhead 
shade screen apparently blocked a modicum of heat gain, yet in the late afternoon, one can note 
that there is some direct solar penetration into the storefront glazing.  Incidentally, they 
constructed the shade screen out of a pre-fabricated Lucite fabric that blocks approximately 40% 
of the direct solar rays.  My preliminary assumption regarding self-shading of the architecture 
through proximity proved to be invalid, since direct gain was evident during the afternoon hours. 
 It may have proven impossible to utilize the proximity strategy due to tenant privacy 
constraints.  However, if the architect had strategically placed the southern-most volumes to 
eliminate solar penetration on the northernmost volume they would have served as solar blocks. 
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     Figure 105.  Reduced solar penetration at 1:53 p.m. during summer solstice with roof shade   
     screen-The Triad Apartments. Generated with IES Virtual Environment VE 2017 software by   
     Ed Soltero. Copyright 2017 by Integrated Environmental Solutions, Ltd. 
          
 To prove my point, I subsequently ran an energy simulation analysis focused on solar 
gain for all three zones with the shade screen turned on.  My results revealed an average of 
1,950 btuh (see Figure 107) for the month of June for zone 3 or the northernmost volume that 
could have benefitted from the aforementioned density/proximity strategy.  Moreover, I further 
proved that the perforated fabric screen had minimal effect on solar gain reduction. 
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Figure 106.  Reduced effectiveness of solar penetration control through volume proximity at 3:37 
p.m. during summer solstice-The Triad Apartments. Generated with IES Virtual Environment VE 
2017 software by Ed Soltero. Copyright 2017 by Integrated Environmental Solutions, Ltd. 
                 
 To illustrate this apparent inconsistency, I produced an additional (see Figures 108 and 
109) simulation without the shade screen for all three zones and highlighted the results for zone 
3.  It is evident in the results that the architect’s attempt to reduce solar heat gain, with the shade 
screen, was ineffective. Incidentally, the illustrations depict minimal solar ray intrusion into the 
interior during the noon hours.  This was due to a solar altitude angle of approximately 78° above 
the horizon. The identical solar gain results (see Figure 110) for the zone 3 only simulation further 
reinforced my statement on the effectiveness of the overhead shading plane.  Having arrived at 
these inconclusive results, I conjectured that there had to be other benefits derived from the 
overhead shading strategy. In fact, after looking at the aerial image of Beni-Isguen-Ghardaia  
(see Figure 76) once again, I postulated that the reduced temperatures created by the canyon-
like space between the volumes, even with the use of the minimal shade screen, also reduced 
temperatures below that of areas exposed to direct solar gain. 
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 Therefore, I prepared a simulation to determine conductive gain.  I hypothesized that the 
lowered temperature of between five to ten degrees would result in a lowered temperature 
differential between the exterior and interior of the structures. 
 
   Figure 107.  Direct gain results for all three zones with shade turned on-The Triad Apartments.   
   Generated with IES Virtual Environment VE 2017 software by Ed Soltero. Copyright 2017 by   
   Integrated Environmental Solutions, Ltd.    
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Figure 108.  Minimal solar penetration at 12:53 p.m. at zone 3 without roof shade screen-
TheTriad Apartments. Generated with IES Virtual Environment VE 2017 software by Ed Soltero. 
Copyright 2017 by Integrated Environmental Solutions, Ltd. 
                                              
 
Figure 109.  Minimal solar penetration at 12:53 p.m. on zone 3 without roof shade screen and 
zones 2 and 3-The Triad Apartments. Generated with IES Virtual Environment VE 2017 software 
by Ed Soltero. Copyright 2017 by Integrated Environmental Solutions, Ltd.                              
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Figure 110.  Direct gain results for all three zones with shade turned off-The Triad Apartments. 
Generated with IES Virtual Environment VE 2017 software by Ed Soltero. Copyright 2017 by 
Integrated Environmental Solutions, Ltd.   
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Figure 111.  Conductive heat gain results for all three zones with shade turned off-The Triad 
Apartments. Generated with IES Virtual Environment VE 2017 software by Ed Soltero. Copyright 
2017 by Integrated Environmental Solutions, Ltd.   
  
 In the first two simulations, I developed the energy models based on the baseline 
construction assemblies to isolate conductive gain analysis to only temperature differentials and 
not thermally improved construction materials.  The results of my first simulation (see Figure 111) 
without the shade structure revealed average monthly conductive gain of approximately 85,000 
btuh for zone 3.  Yet, once I turned on the overhead shade screen my second set of results 
measured around 75,000 btuh (see Figure 112) for this same zone during the month of July. 
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Figure 112.  Conductive heat gain results for all three zones with shade turned on-The Triad 
Apartments. Generated with IES Virtual Environment VE 2017 software by Ed Soltero. Copyright 
2017 by Integrated Environmental Solutions, Ltd.   
   
zone during the month of July.  Thus, I deduced that the effects of even a minimal shade screen 
similar to the one integrated at The Triad complex proved beneficial in reductions of conductive 
gain due largely to lowered temperatures in the courtyard cavity.  This condition is akin to the one 
experienced in the shady canyons of landscapes found in the Sonoran Desert.  In short, the 
temperature differential between the inside and outside is reduced thereby yielding decreased 
conductive heat gain transfer.   
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 Using the same research tactic that I used on the Frey House II case study, I replicated 
the mathematical calculation process to determine conductive heat gain transfer for baseline 
construction assemblies followed by those for an improved envelope.  Therefore, I first prepared 
calculations for the Phoenix sol-air temperatures (see Appendix F) on the respective surfaces of 
the complex. Even though the architect had designed the complex with concrete block, and 
painted it with a light gray-colored finish, temperatures on the western façade (see Figure 113) 
hovered around 162°F at 4 p.m.  Moreover, roof temperatures peaked at around (see Figure 113) 
145°F at roughly 2:00 p.m. 
 
Figure 113.  Sol-Air temperatures for The Triad Apartments. Generated with    
Microsoft Office Excel 2016 software by Ed Soltero. 
 
 The results of my hourly gain analyses for the respective surfaces were 31,000 btuh (see 
Figure 114 and Appendix I) at around 4 p.m. and 24,000 btuh at 1:00 p.m.  Having determined 
the limited effectiveness of the architect’s passive strategies through the simulations, I next 
improved the thermal characteristics of the building assemblies.  The results of my new 
simulation demonstrated favorable improvements.  For example, I improved results of overall 
heat gain on an hourly basis from (see Figure 114 and Appendix I) approximately 178,000 btuh 
as denoted by the red dashed line at 4:00 p.m. to 68,000 btuh (see Figure 115 and Appendix J) 
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for the overall complex as highlighted by the green dashed line. Nevertheless, and similar to the 
analyses of my previous case study, unprotected glazing remained the component that yielded 
 
 Figure 114.  Hourly heat gains for the Triad Apartments-Baseline construction. Generated with    
 Microsoft Office Excel 2016 software by Ed Soltero. 
 
                      
  
 Figure 115.  Reduced hourly heat gains for the Triad Apartments-Improved construction.       
 Generated with Microsoft Office Excel 2016 software by Ed Soltero. 
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the highest heat gain contribution.  In the baseline condition, unshielded and thermally ineffective 
glazing on the southern faces of the volumes produced about 40,000 btuh (see Figure 114 and 
Appendix I) of heat gain between 4:00 to 5:00 p.m. 
 Of particular significance is that even after I improved the thermal qualities of the glazing 
assembly, my calculations still showed the highest level of heat gain through this component at 
around 19,000 btuh (see Figure 115 and Appendix J) during the same time. I also repeated the 
process from my first case study with air infiltration studies. 
 
Figure 116.  Hourly air infiltration rates for The Triad Apartments-Baseline construction. 
Generated with Microsoft Office Excel 2016 software by Ed Soltero. 
 
 After physically surveying the construction characteristics of the exterior envelope 
followed by mathematical evaluation, I determined the infiltration rate for be .67 ACH or the 
equivalent of two-thirds of the interior air volume replaced by warmer air every hour. The net 
result of this condition is leakage (see Figure 116 and Appendix G) in an amount of 670 cubic 
meters per hour in the afternoon.  Having predicted and proven the energy penalty through this 
method, I then tightened the envelope.  I improved the infiltration rate to .18 ACH or the 
equivalent of less than 20% of the exchange of interior air through leakage.  My improvements 
resulted in a reduced leakage rate (see Figure 117 and Appendix H) of approximately 160 cubic 
meters per hour-a vast improvement for occupant comfort and energy use.  I integrated the 
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Figure 117.  Hourly air infiltration rates for the Triad Apartments-Improved construction. 
Generated with Microsoft Office Excel 2016 software by Ed Soltero. 
                     
improved passive strategies into my last case study to gauge overall effectiveness, albeit through 
a deliberate misplacement of the architecture in a climate challenged orientation. 
  4.1.3  Honing Desert Modernism to the Sonoran Desert through 
  Passive Design Strategies-The Analemma House 
 My final case study represents an amalgam of the strategies that I exemplified in the 
previous studies.  I presented no comparison and contrast with this analysis as I assembled the 
best possible passive envelope for the architecture.  Moreover, with the passive architectural 
elements implemented, I also introduced the foundation for an attuned morphology for Desert 
Modernism.  The proposed morphology is illustrated in my concluding comments of the 
Discussion section. 
 I expanded my discussion of passive design elements with the introduction of a 
compound roof plane.  This shade plane (see Figure 118) is comprised of both a horizontal and 
vertical element.  I placed the vertical plane on the western face of the building and sloped it 
downwards towards the north compensate for the declining solar angles.  As I noted in my review 
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of the Frey House II, the architect did not introduce a strategy for control of low solar incidence 
angle penetration and the accompanying heat gain.   
 In my two simulations (see Figures 119 and 120) presented here, there is no direct gain 
into the house until almost sunset.  With the extreme contrast of light in the large majority of 
deserts, reflected light into the interior from the surrounding environs suffices.  I minimized direct 
gain using this element, albeit with a clear understanding that I also needed to address the high 
levels of conductive gain. 
 Despite the fact that I integrated somewhat large sections of glass into the architecture, I 
was able to reduce the conductive gain.  I presented conclusive results of this through IES VE 
software energy simulation and backed it up with mathematical calculations.  These are 
presented later in the document.   
 To elaborate further on my previous comment regarding the reliance on reflected 
daylight, I developed an interior simulation with the IES VE software (see Figure 120) at 6 p.m. 
during the summer solstice.  In addition, I also presented an artistic simulation of this condition 
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   Figure 118.  Mitigated solar penetration at 2 p.m. during summer solstice with compound roof   
   plane Generated with IES Virtual Environment VE 2017 software by Ed Soltero. Copyright 2017   
   by Integrated Environmental Solutions, Ltd.   
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Figure 119.  Continued mitigation of direct gain at 4 p.m. during summer solstice with compound 
roof plane. Generated with IES Virtual Environment VE 2017 software by Ed Soltero. Copyright 
2017 by Integrated Environmental Solutions, Ltd. 
 
(see Figure 121) using the geo-located project with SketchUp software. In the technical 
simulation, solar penetration was not evident until the early evening hours.  I experimented with 
several perforation ratios on the vertical shading scrim, and determined that a 20% open-to-
opaque ratio provided both effective shading and diffused daylight penetration into the interior.  
Thus, for the Phoenix area the inhabitants of this home would experience a warm glow in the 
living areas without the combined results of increased direct and conductive gain. 
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          Figure 120.  Attenuated solar penetration until 6 p.m. during summer solstice with   
          compound roof plane. Generated with IES Virtual Environment VE 2017 software by Ed  
          Soltero. Copyright 2017 by Integrated Environmental Solutions, Ltd. 
 
 In the same conceptual rendering, I also recalled an aspect of critical regionalism that I 
discussed in my literature review-namely the integration of appropriate materiality. Through 
locally sourced sandstone cladding, I situated the architecture within its region. As the reader may 
note, I acquired a warm hue with the color temperature of the sun’s rays during the later hours of 
the day.  This condition can be experienced in the crags and crevices of the Sonoran Desert.  I 
also introduced another passive design element into my composition.  The use of a strategically 
located vertical fin or wall proved to be an effective solar control device.  I achieved effective solar 
penetration control through a combination of these and the vertical scrim.  The results I exhibited 
in my previous technical simulations proved to be effective direct gain prevention strategies, 
despite the fact that I purposely oriented the house to receive maximum solar gain on the western 
façade.    These assertive passive design strategies may lead the reader to believe that the 
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 Figure 121.   Captured daylight with reduced direct gain-Analemma House.  
 Image created with SketchUp software by Ed Soltero.                  
interior of the home would be devoid of illumination with daylight. Therefore, I developed results 
through careful iterative planning that proved the opposite. 
 Once again, based on my empirical observations of daylight penetration into the rugged 
terrain of the Sonoran Desert, I developed another passive design element.  I converted the often 
improperly integrated and sized roof skylight, into a poetic light shaft, by raising it above the 
roofline and recessing the glass within it. 
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 Figure 122.    The roof canon as an effective daylight harvester between 11:00 a.m. to 1:00 p.m.  
 Image created with SketchUp software by Ed Soltero.                  
 Through this simple manipulation, I transformed the utilitarian skylight (see Figure 122) 
into a slim daylight-harvesting canon.  My conceptual geo-located rendering revealed control 
slivers of daylight that penetrated the interior of the house directly from 11:00 a.m. to 1:00 p.m.  
At other times, only diffused daylight entered the interior.  Moreover, I amplified the propagation 
of daylight through a careful selection of an interior paint finish with a 60% reflectance level.  
Here, I evoked a phenomenological attribute of critical regionalism-engagement with circadian 
rhythms. Following the simulation studies and to buttress the results of these I prepared a 
quantitative analysis following the exact process for the first two case studies.  The analysis was 
concentrated on the living areas, which I purposely placed at a western orientation. 
 I validated the effectiveness of my compound roof plane by simulating an energy analysis 
with and without it.  The mustard-colored bell curve (see Figure 123) depicts solar gain, without 
the compound roof plane, of approximately 32,500 btuh between the hours of 1:00 p.m. and 4:00 
p.m., which are often some of the hottest hours of the day during the summer solstice in Phoenix.   
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 Figure 123.   Gain results for the Analemma House. Generated with IES Virtual   
             Environment VE 2017 software by Ed Soltero. Copyright 2017 by Integrated   
             Environmental Solutions, Ltd. 
                                    
 However, once I integrated it, the turquoise-colored curb depicted a reduction of solar 
gain to a level of 11,600 btuh during the same hours. The compound roof plane yielded an 
approximate reduction of 64% in direct solar gain. 
 On a different note, I also revealed lowered levels of conductive gain as illustrated with 
the blue colored dash line, through a well-designed thermally resistive exterior envelope.  I 
maintained levels of conductive gain below 14,000 btuh during the hottest times of the day even 
though I integrated higher levels of glass on the western orientation in contrast to the previous 
two case studies.  I achieved this through higher performing glass and lowered temperatures 
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within the cavity between the solar scrim and the western façade.  To replicate the results of my 
first simulations I followed with a quantitative analysis following the exact process. 
 After experimenting with several different exterior finishes, I determined that sandstone 
had a relatively lower absorption ratio than for example rusted Corten steel cladding which is 
often found on many recent examples of desert modern architecture.  The temperature of the 
sandstone cladding, represented by the red line, on the western façade exceeded 150°F at 
around 4:30 p.m. (see Figure 124 and Appendix K).  I also reduced roof temperatures below 
140°F, indicated by the blue line, which is the location where a large amount of direct gain 
translates into large amounts of conductive gain.  As I discussed in my previous case studies, the 
 
Figure 124.  Sol-Air temperatures for the Analemma House. Generated with Microsoft Office 
Excel 2016 software by Ed Soltero. 
                 
air tightness of the envelope is also of considerable importance from an energy penalty 
perspective as well as occupant comfort. In the Analemma House case study, I controlled air 
infiltration through envelope junctures by adding windows and curtain wall sytems with improved 
characteristics.  Through this approach, I was able to reduce the overall infiltration rate to .12 or 
the hourly volumetric exchange of interior air to within 12%. This ratio was below even that of the 
improved envelope characteristics of the two previous studies. Thus infiltration through the 
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opaque portions of the envelope were below 20 cubic meters per hour and overall infiltration for 
all building assemblies was maintained (see Figure 125 and Appendix L) at a rate of 90 cubic 
meters per hour.  
 
Figure 125.  Hourly air infiltration rates for the Analemma House-Baseline Construction 
Generated with Microsoft Office Excel 2016 software by Ed Soltero. 
 
 The overall benefits of this fine-tuning was illustrated in the levels of decreased heat gain.  
For example, I maintained levels below 7,000 btuh (see Figure 126 and Appendix M) on the 
glazed portion of the western façade, as depicted by the red line, at 6 p.m. when the sun imposed 
its greatest direct impact.  Moreover, I yielded reduced values of hourly heat gain for the entire 
house, as highlighted by the green line, below 20,000 btuh at the same hour. 
 
 
162 
 
 
Figure 126.  Representative hourly heat gains for the Analemma House via an improved exterior 
envelope. Generated with Microsoft Office Excel 2016 software by Ed Soltero. 
 
 My overarching goal behind these quantitative and simulation analyses was to 
demonstrate that I could uphold the modernist compositional approach of the open plan and free 
form, yet hone the architecture to its place.  I demonstrated favorable improvements using these 
techniques via thermal envelope enhancements and the introduction of passive design elements 
as well as carefully selected envelope materials.  However, the goal behind these analyses and 
simulations was to demonstrate envelope performance enhancements using a modernist 
construct.  However, as I intimated earlier are there evolved vernacular lessons, that can be used 
to modify a strictly technologically deterministic approach? 
 In the following thermal lag mini-simulations, I present an evolutionary approach that 
began with the use of a three-foot thick sandstone wall (see Figure 127) akin to that which is 
found in the archaeological ruins in Arizona.  As one may observe, the thermal lag tracked at 
around six and one-half hours.  In the stressed micro-climate of Phoenix, that equates to large 
amounts of heat transfer roughly three times during a 24-hour cycle. 
 
 
163 
 
 If one mimics examples of the erroneous use of thermal mass, such as that which has 
been integrated into examples of Desert Modernist architecture in the Phoenix area, the thermal 
lag approach is somewhat ineffective. The reader may also note the relatively low thermal 
resistance value of stone at 2.55.  By using a one-foot thick concrete wall (see Figure 128) heat 
transfer occurs approximately twice during the hot hours of the day. 
 Therefore, one could conclude that thermal mass in isolation is simply not an adequate 
approach to modernist architecture in this environment.  Based on this conclusion, one could 
conversely proceed along a strictly modernist approach. The next simulation looks at the multiple-
layered approach common to Modernism.  I purposely increased the amount of insulation (see 
Figure 129) within the steel stud cavity, and even used sandstone in the assembly.  The thermal 
lag decreased substantially to approximately five and one-half hours.  However, the increased 
resistance value of 8.33 effectively reduced the temperature within the cavity. These surprising 
results led me to experiment with the aforementioned hybrid strategy.   
 
             Figure 127.  Thermal lag through a three-foot thick sandstone wall. Generated with 
 Opaque version 3.0 software from the UCLA Department of Architecture and Urban 
 Design by Ed Soltero.  Copyright 2016 by Regents of the University of California 
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 In the final assembly, I constructed a hybrid solution that integrated thermal mass and a 
moderate amount of modern rigid insulation.  The proposed assembly (see Figure 130) used only 
modern materials but hearkened to the thermal mass lessons from the vernacular, albeit using 
modern simulation methods to understand its appropriate placement in response to the stressed 
climatic conditions of the Phoenix area.  I produced vastly improved thermal lag performance that 
slowed down heat transfer into the interior to approximately twice within the 24 hour cycle.  
I contend that all of the discussed results provided me with a point of departure for my proposed 
desert morphology. I present my conclusions with a set of figure-ground relationships attuned to 
the desert, that incorporate the technologies and lessons from both a modernist and evolved 
vernacular approach with a set of three-dimensional illustrations. 
 
 
             Figure 128.  Thermal lag through a one-foot thick normal weight concrete wall 
             Generated with Opaque version 3.0 software from the UCLA Department of 
 Architecture and Urban Design by Ed Soltero.  Copyright 2016 by Regents of the 
 University of California 
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             Figure 129.  Thermal lag through a multiple layered technologically based wall 
             Generated with Opaque version 3.0 software from the UCLA Department of Architecture 
 and Urban Design by Ed Soltero. Copyright 2016 by Regents of the University of 
 California. 
                       
 
             Figure 130.  Thermal lag through a hybrid modern-vernacular wall using thermal mass 
 and insulation. Generated with Opaque version 3.0 software from the UCLA Department 
 of Architecture and Urban Design by Ed Soltero.  Copyright 2016 by Regents of the 
 University of California. 
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5.0  Conclusions and Discussion 
 5.1  Restatement of the Research Problem 
 The present study was designed to gain insights into making regionally influenced 
adjustments to architecture based on Modernist principles. I redressed the central problem of a 
technologically deterministic and placeless design approach through: a) a climate responsive 
exterior envelope, including a reference to sustainably-sourced materials,  b) articulation of the 
massing to mimic the gradations of light experienced in the local topography, and  c) a proposed 
planning morphology that responds to the region from a sustainability perspective and a 
phenomenological response. 
 5.2  Statement of Major Findings 
 I made three major predictions to formulate a structured response to the research 
problem.  I first forecasted that there was a possibility of reducing the transfer of heat energy into 
the interior by developing an envelope tuned to the Phoenix area.  I noted that the very moderate 
swing in diurnal temperatures, characteristic of this section of the Sonoran Desert region, 
required a different approach.  In my Results section I presented conclusive data that reliance on 
thermal mass was erroneous, and in a similar vein an approach based solely on higher levels of 
insulation. I also demonstrated that by limiting, properly orienting and improving the performance 
of glazed sections, the free plan and open form of Modernism remained an integral part of Desert 
Modernism, albeit modified to respond to the challenges and landscape of the region.  This 
supported my theoretical stance that a hybrid composition based on vernacular wisdom and 
technological innovation represented a renewed approach to Desert Modernism.  
 With my second prediction, I posited that informing the architectural massing with a 
specific physical aspect of the Sonoran Desert, namely the craggy canyons, presented a strong 
phenomenological connection to place for occupants as changing gradations of light into the 
interior would become manifest continuously.  Although there are many different physical 
characteristics in the Sonoran Desert topography, and one could have certainly designed a 
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specific response to each, I advanced a primer for a planning morphology as the proposed 
passive design language for my framework.  The morphology addresses heat transfer, both direct 
and conductive and the framing of the landscape such that the desert becomes the floor plan.   I 
illustrated the response to my last prediction in the form of a passive design language that 
represented strong feasibility for a redefined Desert Modernism. 
 The first contradiction present in the problem was to mimic, albeit erroneously what 
appeared to be the vernacular response of the region (see Figure 131) wherein thermal mass and 
limited openings responded to the climatic challenges. I illustrated the thermal lag conditions of 
this construction assembly in my Results.  Or, conversely in the adjacent illustration (see Figure 
131), to rely on a hermetically sealed response where occupant comfort was made possible only 
through mechanical heating and cooling. In a somewhat aggregated approach, I advanced the 
construct of an interdependence between vernacular architecture and Modernism through a 
sequence of sketches.  
   
                         
 Figure 131.  Dichotomy between vernacular and modernist design approaches 
             Image rights:  Ed Soltero 
 In my next sketch (see Figure 132), I initiated a hybrid between the two approaches in an 
attempt to address this binary.  The following were the strategies inherent therein:   
a) released the volume through a corner opening  
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b) contrasted it with the minimal vernacular opening 
c) commenced the integration between the interior and the exterior 
d) re-emphasized how technological innovation redefined the role of the wall to that 
of enclosure versus structural. 
Nevertheless, I deliberately maintained a single volume as the first building block for the passive 
design language and as my personal reinterpretation of an adherence to functionalism. However, 
I did this not from a compositional perspective akin to the affinity for this approach by many early 
Modernists but rather to illustrate how the subsequent aggregations actually informed the 
performance of the architecture.  
 
 
       Figure 132.  Release of bounded vernacular volume through the disconnected corner of       
       Modernism. Image rights:  Ed Soltero 
 
 In my subsequent sketch (see Figure 133), I broke up the singular volume into two 
separate ones to advance the following strategies: 
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a) juxtaposition of volumes to create self-shading between the masses, thereby 
reducing heat gain on wall surfaces and larger glazed openings 
b) recognized the ability to paint unadorned Modernist surfaces with natural light. 
Furthermore, in this planning arrangement I also introduced a movement corridor similar to that of 
the planning strategies used in the Middle East.  I recalled this ancient strategy once again to 
highlight my earlier notation that without an overhead shading element, these corridors often 
prevented adequate ventilation due to the lack of pressure differentials within them. This led to 
my next modification to the morphology.  
 
 
     Figure 133.  Introduction of vernacular shading and ventilation strategy through proximity, and      
     painting of unadorned surfaces. Image rights:  Ed Soltero 
 
 With my fourth sketch (see Figure 134), I integrated an overhead shading element and 
created a modern interpretation of the zaguán, or passageway commonly found in the evolved 
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vernacular architecture of the Southwestern region that I previously discussed.  The following are 
the points of the suggested morphology: 
 
 
       Figure 134.  Decoupling of the hermetically sealed and conditioned modernist volume  
       through the introduction of the zaguán. Image rights:  Ed Soltero 
 
a) shaded space between volumes that serves as climate protected movement 
corridor and the first component of a horizontal ventilation shaft to induce air 
movement from hot to cold and through the volumes 
b) introduced an implied dimensionally-variable third volume for outdoor living in this 
region. 
In the previous diagrams, I held to the Modernist compositional strategy of using pure Platonic 
volumes. In the next suggestion for a desert-attuned morphology, I modified the volume in 
response to solar incidence angles. 
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      Figure 135.  Inward-sloped surfaces to minimize direct solar gain. Image rights:  Ed Soltero 
 
 The fifth sketch (see Figure 135) suggests the truncation of the architecture in response 
to the sun.  I mimicked a sharp canyon wall and sloped the walls inward to illustrate the following 
points: 
a. sloped exterior walls inward to parallel the high solar incidence angles in Phoenix 
during the mid-afternoon hours thereby reducing direct gain 
b. extended wall planes to minimize the area exposed to heat gain as the sun 
revolved around the architectural mass 
 These simple compositions and manipulations to Platonic solids led me to further my 
discussion on a desert morphology through an introduction of non-Platonic diagrams. My sixth 
diagram (see Figure 136) and accompanying three-dimensional representation suggests further 
response to the region and its characteristics. 
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      Figure 136.  Curved volume to minimize direct gain, light control “gills” and the ventilated roof 
      Image rights:  Ed Soltero 
 I maintained the radial characteristics of the exterior form in response to solar rotation, 
but also introduced the following additional elements: 
a. morphed the rectangular form into an elongated curved shape to minimize direct 
gain through the envelope and introduced shading gills that minimized further 
direct gain but also allowed reflected variable color temperature light into the 
interior throughout the day   
b. extended the curvature beyond large expanses of glass to extend the interior 
with the large expanses of the desert, but also used these extensions as passive 
shading devices 
c. introduced the roof plane as a non-thermal shading structure with an interstitial 
space for ventilation. 
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The minimalist roof plane is a direct reference to the lightness often found in modernist 
architecture.  However, it also has a performative quality.  By reducing direct gain on the the 
surface underneath it, the quantity of insulation can also be reduced.  Moreover, if the appropriate 
distance is maintained between both surfaces, thereby reducing long wave radiation effects on 
the thermally isolated roof below, shade is also created and cooling airflow is induced.  Although I 
addressed the performative characteristics of a shading plane with this strategy, I next suggested 
the notion of psychological cooling effect with my next scheme. 
 I introduced a progressive sequence of shade, with my next diagram (see Figure 137), 
that is not only performative but visually recognizable with the idea of engaging one’s senses. 
As one approaches a building in this hot desert region, the transition from hot temperatures in the 
exterior to the mechanically conditioned interior is somewhat instantaneous.  This scenario 
assault our senses and our physical body in a stark manner. 
The lessons that I put forth with this scenario are: 
a. physical and psychological transition from outside to inside 
b. dissolved the boundary of the Modernist artifact into the desert expanse. 
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      Figure 137.  Introduction of a sequence of shade in the roof plane that transitions  
      from decorative to performative. Image rights:  Ed Soltero 
 
In my following scheme, I looked at a somewhat climate-protected approach to Desert 
Modernism. 
 Although glazing was incorporated as a relief between the solid volumes (see Figure 
138), I integrated it within reentrant sections of the composition in order to only allow direct solar 
transmission during specific periods of the day.  Moreover, my strategy behind the placement of 
the glazing along the horizontal plane was to rely on bounced light-a light with differing 
temperatures and color according to the time of day.  Lastly, I introduced a syncopation of 
overhead light wells that also allowed changing patterns of light to manifest themselves within the 
interior.  My goal was to mimic the changing light conditions within the craggy areas of the 
Sonoran Desert.  The synopsis highlights the strategies contained in this scheme: 
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       Figure 138. Controlled solar penetration through recessed glazing and light canons. 
       Image rights:  Ed Soltero 
a. creation of a composition between opaque and transparent to allow changing 
light penetrations 
b. introduction of overhead natural light canyons to create variegated shade and 
shadow patterns within a constructed “canyon” for habitation 
 In my final two schemes, I illustrated two alternative approaches to the concept of 
simultaneity expressed by Modernists with the open plan and free form.  Because of the stressed 
climate, I introduced openness onto the desert expanse (see Figure 139) albeit with a plane that 
protected the interior from the intense afternoon insolation. However, I introduced a slot that 
hugged the floor level to introduce a “wedge of changing light” to connect occupants to the time of 
day.   The salient points incorporated into this scheme are the following: 
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       a. simultaneous connectivity with the changing time of day 
       b.    protective thermal plane to guard against intense afternoon insolation  
 
       Figure 139. Extension onto the desert expanse with protective plane.  
       Image rights:  Ed Soltero 
 
  In my final diagram (see Figure 140), I introduced two different occupant experiences.  I 
mimicked the abrasions left on the desert floor by moving water during a rain event and created a 
 minimal architectural incision.  By orienting the opening east of north, I allowed an occupant to 
experience the movement of morning sunlight across the desert expanse.  By contrast, once 
inside the space, the occupant would also experience the changing quality of light but protected 
from the intense afternoon insolation, including a cooler environment due to immersion into the 
ground.  This continuously changing pattern of light is my interpretation of a different type of 
simultaneity.  The strategies presented in this scheme are: 
        a. creation of protected environment that is connected to the outside at all times 
       b. use of the isotherms in the ground to create a cooler environment 
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      Figure 140. An alternative expression of simultaneity. Image rights:  Ed Soltero 
 
 5.3  Response to Research Questions 
 The study was motived to collect answers to the research questions that I posed at the 
onset. As a result of my analysis, I now have data to answer these inquiries.  My questions and 
succinct responses to them are as follows:   
1. What were the applicable maxims of European Modernism and why are they 
relevant to this research hypothesis? 
a.   integrated the open plan and the free form as the basis for integrating the 
architecture with the desert 
2. What actors and philosophies facilitated the introduction of European Modernism 
into American architecture and what influence did it have on Desert Modernism in 
the American Southwest? 
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a. the gradual morphing of Modernism into Desert Modernism entered America 
via the European Modernist emigres, the Industrial Revolution and the 
Taylorist Management principles 
3. Are vernacular architecture, and architectural theories in critical regionalism 
appropriate modifiers for the revitalization of Desert Modernism? 
a. appropriation of an evolving definition of the vernacular and a critical 
regionalist approach based on place-based characteristics, rather than 
theoretical underpinnings, represented the strongest applicability  
4. Why does sustainable design, specifically exterior building envelope 
improvements and planning tactics represent integral components for the 
proposed Desert Modernism design framework? 
a. provided an understanding of appropriate envelope compositions and heat 
transfer time, and the need to recognize heat energy absorption 
characteristics of materials and color  
5. What is a regionally appropriate material palette for Desert Modernism? 
a. established the need to recognize sol-air temperatures and the heat energy 
absorption implications of material and color selections 
  5.4  Integration and Comparison of the Major Findings with Previous Research 
  These findings contribute to a further understanding of the misappropriation of implied 
climatic response lessons from the vernacular.  They also build upon Rosenlund’s conclusions 
that I highlighted in my Literature Review section wherein he indicated that in fact, thermal mass 
often resulted in undesirable interior conditions.  Moreover, the analysis also provided conclusive 
evidence that thermal mass works best in areas where an appropriate diurnal temperature 
variation takes places-such is not the case in the metro Phoenix area.  
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  5.5  Limitations of the Study 
  The report was delimited to the area of study for a specific purpose.  The need to 
understand and analyze specific climatic and physical characteristics of the region under 
consideration cannot be overemphasized.  Thus, my discussion of Rosenlund’s “Triangular 
Spiral” approach represents a strong point of departure.  In essence, the need to inventory 
regional characteristics, model these via simulation and then follow-up by subsequent testing of 
built examples is a strong, viable model for place-based design responses.  
 5.6  Future Research Implications 
 Although the report was focused on small residential scale spaces, this was done to 
deliberately highlight the concepts in simple manner.  The other assumption in the analyses was 
a steady state condition that dismissed the actual complexity of variable exterior temperature 
conditions, as well as interior temperature fluctuations. For example, in the latter scenario, mean 
radiant temperatures comprised of absorbed heat energy by different interior elements such as 
furniture or other differing architectural elements should also be considered when preparing more 
complicated simulation scenarios. 
 An improved approach should incorporate dynamic state conditions, disaggregated 
metering to measure energy use by the many different building systems, but most importantly, 
buildings should also be instrumented to yield real-time data for trending and forecasting analysis.   
 5.7  Implications for Practice 
 As a practicing professional architect, I have guided the design of large complex 
academic buildings using some of these principles with resultant benefits.  There is conclusive 
evidence that energy consumption reductions are in fact quite feasible.  Moreover, I immersed the 
resultant architectural compositions in some of the aforementioned principles of critical 
regionalism. This approach yielded admirable examples of place-based architecture. 
 The other implication of practice is in the preparation of future design professionals.  A 
majority of design education remains focused on creativity and therefore a chasm exists between 
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such and the integration of the needed technical education to produce performative place-based 
architecture.  A most desirable scenario can be materialized through a translational approach 
wherein these concepts are integrated into the design studio from the onset. I remain hopeful that 
this study will abet a better understanding of a place-based design approach to architecture. 
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APPENDIX A 
CASE STUDY I – SOL-AIR TEMPERATURES FOR PALM SPRINGS, CALIFORNIA 
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APPENDIX B 
CASE STUDY 1 – INFILTRATION RATES FOR BASELINE CONSTRUCTION 
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APPENDIX C 
CASE STUDY 1 – INFILTRATION RATES FOR IMPROVED CONSTRUCTION 
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APPENDIX D 
CASE STUDY 1 - HEAT FLUX CALCULATIONS FOR BASELINE CONSTRUCTION 
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APPENDIX E 
CASE STUDY 1 - HEAT FLUX CALCULATIONS FOR IMPROVED CONSTRUCTION 
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APPENDIX F 
CASE STUDY 2 – SOL-AIR TEMPERATURES FOR PHOENIX, ARIZONA 
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APPENDIX G 
CASE STUDY 2 – INFILTRATION RATES FOR BASELINE CONSTRUCTION 
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APPENDIX H 
CASE STUDY 2 – INFILTRATION RATES FOR IMPROVED CONSTRUCTION 
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APPENDIX I 
CASE STUDY 2 - HEAT FLUX CALCULATIONS FOR BASELINE CONSTRUCTION 
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APPENDIX J 
CASE STUDY 2 - HEAT FLUX CALCULATIONS FOR IMPROVED CONSTRUCTION 
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APPENDIX K 
CASE STUDY 3 – SOL-AIR TEMPERATURES FOR PHOENIX, ARIZONA 
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APPENDIX L 
CASE STUDY 3 – INFILTRATION RATES FOR BASELINE CONSTRUCTION 
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APPENDIX M 
CASE STUDY 3 - HEAT FLUX CALCULATIONS FOR BASELINE CONSTRUCTION 
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